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Introduction 


The vegetative sporophyte of vascular 
plants consists essentially of an axis, or 
shoot, and its lateral appendages, chiefly 
leaves and branches. Differences in the 
relationships of the organs of the leafy- 
shoot admit of great morphological diver- 
sity and raise innumerable individual pro- 
blems of morphogenesis. Thus the shoot 
may be short or tall, simple or much 
branched; its lateral members may be 
very varied in their size, shape and posi- 
‚tion on the axis; and some or all of the 
component parts may be more or less ex- 
tensively modified in form and function. 
But under all this diversity, there is unity: 
in the developing leafy-shoot the dynamic 
structural plans, or major organizational 
features, are common to all. We may, 
indeed, speak of the leafy-shoot type of 
organization. It is the essence of bota- 
nical science to investigate such general 
phenomena, in the hope that we may in 
time be able to make simplified but com- 
prehensive statements regarding the fac- 
tors that are involved. The aim in this 
paper is to deal with some aspects of this 
organization. 

The distinctive organization of the in- 
dividual species has long been recognized, 
but what constitutes this organization, 
and how to define it, are very difficult 
problems. In vascular plants, a consider- 
able part of biologicalenquiry is to discover 
what factors determine the leafy-shoot 
type of organization, and, in particular, its 
pervasive unity and harmonious develop- 
ment. I am well aware that organization 
in plants is one of those topics that we 
tend to discuss in general terms only, more 
particular concepts being not only difficult 
to formulate but seemingly incapable of 


being validated by observation and ex- 
periment. But should we accept this 
view? I, personally, do not think so. 
After all, specific organization is the most 
distinctive feature of living things, and, 
as we have seen, certain organizational 
phenomena appear to be common to all 
vascular plants. In the investigation of 
morphogenesis, the formulation of con- 
cepts or ideas about organization is not 
only essential: it is the very essence, the 
summation, of what we are trying to do. 
The complexity and difficulty of the task 
need no emphasis; but what an exciting 
challenge it presents, and what interest 
and delight it can afford those who are 
prepared to accept it. 


Apical Constitution and Unity 


Every developmental situation in plants, 
from the fertilized ovum onwards, yields 
evidence of organization, particularly in 
the embryonic regions. The very young 
embryo affords evidence of polarity and 
the irreversible establishment of a distal, 
self-maintaining, growing point. In fact, 
it shows nascent, or incipient, axial cons- 
truction. From the outset lateral organs 
are formed at the apex in characteristic 
positions. On the evidence, the charac- 
teristic organization of the leafy shoot 
can be ascribed to: (i) the genetically- 
determined organization and morphogene- 
tic activity of the apical meristem, which 
yield the primary or basic pattern; (ii) the 
elaboration of this pattern in the subapical 
regions; and (iii) the action of organismal 
factors, e.g. those responsible for corre- 
lative developments. This view evidently 
invokes a consideration of the con- 
stitution of the apical meristem and its 
pattern-forming activities as an essential 
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initial stage. Here the shoot apex is 
to be understood as comprising both 
the apical meristem and the subapical 
regions. 

At different times, special importance 
has been attributed to different regions of 
the apex. The early investigators were 
much occupied with the extreme tip, 
questions of paramount importance being 
whether one or several initial cells were 
present there, their mode of segmentation, 
and the cell lineages to which they gave 
rise. Some time later, the emphasis was 
on apical constitution and growth in terms 
of detectable histogenic layers, or histo- 
genic regions; and so on. In recent years, 
we have witnessed the birth and develop- 
ment of a new concept proposed by our 
French colleagues, in which the important 
region of the vegetative apex is considered 
to be the anneau initial ( or initial ring ) 
situated some distance below the tip. 
This band of tissue is held to be the region 
of active growth and morphogenetic acti- 
vity, responsible for the maintenance of 
the apical meristem and giving rise to leaf 
primordia: the extreme tip, on the other 
hand, is virtually inactive, a resting 
meristem which only becomes active at the 
onset of flowering. Now all the very 
different conceptions of the apex have 
one point in common, namely, that a 
particular region, or a particular aspect of 
apical activity, is emphasised at the ex- 
pense of others; in each view, a part is 
abstracted from the whole. It now seems 
evident, in the light of many experimental 
investigations, that the shoot apex, com- 
prising both the apical meristem and the 
subapical regions, must be regarded as an 
integrated whole; for only a conception 
of this kind is capable of incorporating all 
that has been learnt about apical growth, 
self-maintenance, response to stimuli, mor- 
phogenetic activity and genetical expres- 
sion. 


The Primary Morphological Pattern 


_ With direct reference to the shoot and 
its appendages, experimental observations 
suggest the following conclusions regard- 
ing the apical meristem: (i) it consists of 
embryonic cells and is an organized and 
biochemically differentiated region; (ii) the 
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physicochemical reactions which take 
place in it give rise to a pattern of growth 
centres, which usually but not invariably 
become leaf primordia; (iii) in this apical 
reaction system, genetically-determined 
substances control the characteristic allo- 
metric growth pattern and organogenesis; 
(iv) any significant change in the morpho- 
genetic activity of the apical meristem 
must be mediated through its organization 
and reaction system. (In parenthesis, it 
would appear that some of the numerous 
attempts to explain correlative inhibition 
and similar phenomena have failed be- 
cause they have not recognized that when 
specific substances, e.g. auxin, act, they 
do so on organized regions.) 

The pattern-forming property of apical 
meristems is an everpresent fact. The 
regular pattern of primordia, which be- 
comes apparent when the apex and 
youngest leaf primordia are laid bare, is 
characteristic and distinctive for the 
species, varying usually within narrow 
limits, or in a regular manner, as the apex 
undergoes its ontogenetic enlargement, or 
as it diminishes in size in relation to de- 
creased nutrition. As closely comparable 
patterns of primordia occur in taxonomi- 
cally quite unrelated species, it may be 
inferred that this pattern-forming activity 
is a general and characteristic feature of 
organized meristem cell masses. This re- 
markable pattern-forming property of? 
apical meristems is further exemplified in 
certain species once they have entered 
upon the flowering phase. Thus in 
Nuphar lutea, flower buds typically origi- 
nate in leaf sites, and in Victoria spp. the 
flower buds arise, with great regularity, 
just adaxial to one of the stipular flanges. 
In each instance a growth centre origi- 
nates in a precise position in the apical 
meristem; and whether or not we have 
yet an adequate theory of physico-chemi- 
cal patternization in embryonic regions, 
such as that advanced by Turing in 1952, 
the fact itself is indisputable. In any 
consideration of the shoot and its appen- 
dages, the starting point is the reaction 
system in the apical meristem. For 
example, if we assume (i) the inception 
of a decussate, alternate or spiral pattern 
of leaf growth centres in the apical meri- 
stem, and (ii) specific differential or allo- 
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metric growth in the subapical regions, 
this affecting the nature of the internodal 
development, then the main architecture, 
or structural plan, of the leafy-shoot is 
determined. This, of course, is a great 
simplification: buds, or bud rudiments, 
also originate in the apical meristem in 
characteristic positions. In ferns, such 
as Dryopteris, bud and leaf primordia 
originate from identical groups of meri- 
stem cells; and, as we know from experi- 
mental studies, young leaf primordia, or 
primordium sites, can be transformed into 
buds, and bud sites can be made to 
develop as leaf primordia. In the forma- 
tion of buds we have further evidence of 
the patternizing activity, or property, of 
the apical meristem; and the morpho- 


logical differences between leaf and bud 


primordia, whether they are due to quali- 
tative or quantitative metabolic differ- 
ences, or to both, have their inception in 
the apical reaction system. In the Nym- 
phaeaceae, where both leaf and flower- 
bud primordia are components of the 
apical pattern, the complexity of the 
underlying reaction system raises problems 
of which the solution is not yet in sight. 
We can, however, see clearly where the 
problem of shoot organization ultimately 
lies. 

Two general observations may be made 
at this point. The view has long been 
held that one of the main differences be- 
tween plants and animals is that the major 


_ organs in the latter are defined once and 


for all in the very young embryo, i.e. in 
embryonic tissue showing little evident 
differentiation. But, in the light of the 
foregoing observation on the apical meri- 
stem, is organ inception in plants so diffe- 
rent after all? Both chemical and sur- 


‘gical experimental treatments indicate 


that the apical meristem possesses con- 
siderable stability: its fundamental or- 
ganization is not readily modified, e.g. by 
direct or indirect applications of auxin, 
gibberellic acid, etc. It may perhaps be 
inferred, therefore, that it is controlled 
by a very stable part of the genetical 


. constitution, or that the protoplasts in the 


meristem cells do not respond readily to 
some of the more common morphogenetic 


stimuli. They are not, however, inert or 
' non-reactive. 
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The Elaboration of the 
Primary Pattern 


Relative to the apical meristem, the 
subapical region is one of active enlarge- 
ment, the transverse and vertical compo- 
nents of growth being involved to different 
extents according to the species, its stage 
of ontogenetic development, and the 
impact of environmental factors. If the 
vertical component of growth is the more 
active, an elongated axis is formed, with 
separation of the leaves, or leaf groups, 
by more or less conspicuous internodes: 
if the transverse component is the more 
active, a condensed axis, closely beset with 
leaves, is formed, as in many ferns, cycads, 
rosette plants, etc. Accordingly, it is in 
the subapical region ( or regions ) that the 
action of certain genetical and regulative 
factors becomes most evident. In this 
region, also, the primordia of leaves, buds 
and other lateral organs grow and enlarge 
conspicuously: their primary patterns are 
elaborated in characteristic ways and their 
distinctive morphological features become 
manifest. A simple example will illus- 
trate this point. At their inception in the 
apical meristem, leaf primordia are very 
much alike in all classes of plants. But, 
as they enlarge in the subapical region, it 
soon becomes apparent whether the petiole- 
base is going to be small, simple and dis- 
crete, or large, clasping and stipulate; 
whether the primordia will develop as 
microphylls or megaphylls; and so on. 
Now these developments, including the 
main constructional features of the lamina, 
are recognized later as genetically-deter- 
mined, taxonomic characters. It follows 
that, by precise observation of axis and 
primordium development, it is possible 
to indicate the particular stage at which 
the genes determining or controlling 
major leaf and stem characters begin to 
exercise their specific effects, e.g. in a 
comparison of mutant and parental mate- 
rials of known genetical constitution. 
This morphological information will ob- 
viously be essential if the äim, as in physio- 
logical genetics, is to ascertain which 
particular substances and reactions, con- 
sidered to be gene-determined, are involv- 
ed in the inception» of some particular 
major morphological character. In brief, 
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if our primary interest is in organisms as 
organisms, as distinct from the analysis 
of particular processes, a synthesis of 
genetics, physiology and morphology is 
not merely desirable: it is unavoidable. 
There are indications that this desirable 
state of affairs is no longer at the stage of 
being merely a possibility: it is becoming 
a reality. 

What has been said of the vegetative 
apex may, with appropriate modifications, 
be applied also to inflorescence and floral 
apices. 


The Investigation of Apices 


Morphogenetic investigations of shoot 
organization, being concerned as they are 
with the inception of the major morpho- 
logical features of species, are rightly 
accorded a central place in contemporary 
investigations; and the more morpho- 
logists can explore the same materials in 
collaboration with physiologists and gene- 
ticists, the more satisfying will the result 
be. With these aims in mind, the study 
of apices should be essentially of a com- 
prehensive nature, including observations 
on: (i) the size, shape, and histological 
pattern of the apical meristem and sub- 
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apical regions, throughout ontogenesis, 
this affording evidence of the basic allo- 
metric growth pattern in the axis and 
primordia; (ii) the size and shape of em- 
bryonic cells, and the nature and rate of 
their differentiation; (ili) the position, 
size and shape of leaf primordia, buds, etc. 
in the apical meristem and the manifesta- 
tion of genetical characters during their 
further development in the subapical 
regions, together with the related ana- 
tomical developments. These and other 
relevant observations should, if possible, 
be made on growing apices kept under 
regular scrutiny, and materials collected 
at critical stages for cyto-chemical study 
or micro-chemical analysis. Investiga- 
tions along these lines of apices of related 
plants of known genetical constitution, : 
e.g. related genera, species, varieties, in- 
duced mutants, etc., in which there are 
morphological differences of some magni- 
tude, or of apices which have shown res- 
ponses to chemical treatment, e.g. gibbe- 
rellic acid, seem likely to be attended with 
interesting and important results. A 
modest but growing literature already 
indicates the value of this procedure, but 
a vast and fascinating field awaits explora- 
tion, both in the interests of academic and 
of applied botany. 


A MORPHOGENETIC STUDY OF STAMINATE, PISTILLATE 
AND HERMAPHRODITE FLOWERS IN CUCUMIS 
SATIVUS (L.) 


D. ATSMON & E. GALUN 
Plant Genetics Section, The Weizmann Institute of Science, Rehovoth, Israel 


Introduction 


The physiology of sex expression in the 
cucumber plant was the subject of several 
studies at this section ( Galun, 1959). In 
these studies it was shown that the ratio 
of young to adult leaves in the plant affects 
sex expression and that this is connected 


with the auxin balance of the plant. The 
later the flowers on the main axis 
develop, the younger are the leaves 
next to them. Along with this there is 
a drift towards femaleness, i.e. more and 
more female flowers (proportionally to 
male ones ) are produced when the plant 
matures. 
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In case the leaf ratio influences sex 
determination of the individual flower, 
it can take place only before or while sex 
differentiation occurs in the primordium, 
when it is potentially bisexual. It, there- 
fore, seemed worthwhile to follow the 
development of the flower bud from the 
earliest stages until anthesis, and make 
in this respect a comparison of staminate, 
pistillate and hermaphrodite flowers. 

Such a study could be carried out at our 
section, since we had suitable genetic 
material for it. The material consisted 
of stable monoecious, gynoecious (female) 
and hermaphrodite lines; in plants of these 
lines one could predict beyond any doubt 
the sex of developing flowers on the main 
axis. 


Material and Methods 


The material used in this study consisted 
of three lines: (a) a monoecious line of the 
variety Yorkstate Pickling (YSP); (b) a 
female line of the same variety, produced 
by several back-crosses of a female mutant 
to YSP and (c) a hermaphrodite line, in- 
bred from an F, segregant of a cross be- 
tween a female plant and an andromonoe- 
cious one (Galun, 1958). In order to 
ensure the occurrence of staminate flowers 
only on the main axis of the monoecious 
plants, artificial illumination was used in 
order to prolong the day by five hours. In 
order to ensure the occurence of pistillate 
flowers only on the female plants, day 
length was shortened to eight hours by 
covering them during part of the day. 

Only buds of the main axis were used 
for this study; they were removed from 
at least ten successive nodes on the same 
day and were dissected by the aid of a 
dissecting microscope. Immediately after 
dissection the buds were transferred to a 
moist piece of paper. They were then 
photographed through an ordinary micro- 
scope. The same procedure was used 
throughout the present study. 

In the following observations emphasis 
is made only on the comparative develop- 
. ment of the three flower types. Detailed 
description of the development of each of 
the sex organs is not given since this has 
been done by Heimlich (1927) for the 
stamens and Judson ( 1929 ) for the pistil. 
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Observations 


The developmental stages of the flower 
buds were studied by dissecting many 
plants of each sex. In each case, dis- 
section was started near the base of the 
plant with well developed buds the sex of 
which could be determined by the naked 
eye; it ended with undifferentiated young 
buds at the apex. Only five representa- 
tive stages are described here. 

DEVELOPMENTAL STAGES OF THE STAMI- 
NATE FLOWER Bup — The early stages of 
such flower buds are similar to those des- 
cribed by Kirkwood ( 1905 ) for the pistil- 
late flowers of various cucurbitaceous 
species (his Fig. 1, A-C). Later, the 
initials of both stamens and pistil can be 
observed (Figs. 1, 1’). It should be point- 
ed out that at this stage, i.e. stage 1, the 
primordia of both types of the sex organs are 
almost equal in size. Later, at stage 2, the 
stamens develop further, mainly by the 
enlargement of the thece but there is 
hardly any increase in size or change in 
shape of the pistillodium ( Figs. 2,2’). In 
stage 3, there is almost no change in the 
pistillodium but the thecæ of the stamens 
have considerably increased in size and 
approach the final S shape ( Figs. 3, 3’). 
This final shape is reached in stage 4 ( Fig. 
4,4’) and only further enlargement charac- 
terizes stage 5 (Figs, 13, 13’). At this 
stage the pistillodium is just slightly larger 
than at stage 1. 

DEVELOPMENTAL STAGES OF THE PISTIL- 
LATE FLOWER Bup — The similarity be- 
tween these flower buds and those of the 
staminate flowers is not limited to the very 
early stages ( which are not described here) 
but even at stage 1 ( Figs. 5, 5’) no dif- 
ference could be detected between the two 
sexes. At stage 2 there is already a mark- 
ed difference; in the pistillate flower bud 
the stamens (actually staminodia) are 
similar in size and shape to those of stage 1 
while the pistil shows a fairly developed 
ovary ( Figs. 6, 6’). In stage 3 the ovary 
is further enlarged ( Figs. 7, 7’) but there 
is no change in the staminodia. In stage 
4 the lobes of the stigma are visible and 
they exceed the staminodia in size ( Figs. 
8, 8’). From this to stage 5, there is 
merely an increase in size, and the stami- 
nodia are somewhat enlarged (Figs. 14, 14’). 


Fics. 1-12 — Figs. 1-4. Stages 1-4 respectively, in the development of a staminate flower. 
Figs. 5-8. Stages 1-4 respectively, in the development of a pistillate flower. Figs. 9-12. Stage 1-4 
respectively, in the development of a hermaphrodite flower. All x 30. 
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Fics. 1’-12’— Interpretive diagrams for Figs. 1-12 respectively. Shaded areas — Pistils or 
pistillodia. Dotted areas — Stamens or staminodia. All x 30. 
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Fics. 13-15 — Figs. 13 and 13’. Stage 5 in the development of a staminate flower and its 


interpretive diagram. 
interpretive diagram. 
and its interpretive diagram. All x 30. 


DEVELOPMENTAL STAGES OF THE HERMA- 
PHRODITE FLOWER Bup — Here again, 
at stage 1 there seems to be no difference 
between this flower bud and the other two 
types at the same stage ( Figs. 9,9’). At 
stage 2, the stamens and the pistil have 
increased in size. The thecæ are begin- 
ning to take form and the ovary is begin- 
ning to attain its final shape ( Figs. 10, 10’). 
While the stamens of this stage are similar 
to those of stage 2 of the staminate flower 
bud, the pistils differ. This difference 
should, of course, be related to the dif- 
ference in the final shape of the ovaries; 
the one of the pistillate flower is elongated 
while the ovary of the hermaphrodite 
flower is apple-shaped. At stage 3 there 
is a further development of the stamens 
and the pistil (Figs. 11, 11’) and the 


Figs. 14 and 14’. Stage 5 in the development of a pistillate flower and its 
Figs. 15 and 15’. Stage 5 in the development of a hermaphrodite flower 


thece attain their typical S shape in stage 
4 (Figs. 12, 127): At this Stage 
stigma has fairly developed lobes, like 
stage 4 of the pistillate flower bud. Both 
stamens and pistil show merely increase 
in size from stage 4 to stage 5 ( Figs. 15, 
155): 


Discussion 


Studying the comparative embryology 
of the Cucurbitaceae, Kirkwood ( 1905 ) 
described various stages of the pistillate 
flower bud. In his study, emphasis was 
put on later stages and no successive stages 
from the early bud to the mature flower 
were presented. In those instances where 
parts of such a succession were given, the 
stages were in accord with the present 
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data. Judson ( 1929 ) described six stages 
in the development of the pistillate flower 
bud of the cucumber plant. Four of those 
are earlier than our stage 1 and the last 
two are later than our stage 5, i.e. the 
bisexual stages and the gradual develop- 
ment of the pistil were left out. Heimlich 
(1927 ) described in detail the formation 
of stamens in the staminate flower bud 
of the cucumber, though he traced the 
development only till our stage 1 (his Figs. 
1-5). The existence of the bisexual stage 
in the buds of both staminate and pistillate 
cucumber flowers was stated by Ito et al. 
(1954), though they did not compare the 
development of the two different flower 
types in order to support this statement. 
In the present study it is shown that all 
three flower types pass during their onto- 
geny through the same bisexual stage 1 
and only later, the pistil or the stamens or 
neither of the two are retarded in develop- 
ment, resulting in staminate, pistillate or 
hermaphrodite flower, respectively. 

The existence of a bisexual stage in uni- 
sexual flowers does not appear to be 
peculiar to the cucumber plant. Similar 
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cases have already been reported, by Joshi 
(1937) for Musa paradisiaca and by 
Murneek (1927) for Cleome spinosa; in 
these it was found that unisexuality can 
be disturbed by mutilation. 


Summary 


In the present study, the development 
of the three types of flowers of the cucum- 
ber plant, i.e. male, female and herma- 
phrodite, was followed. This was done 
by disseetion of several successive ( from 
base to apex) buds on the main axis of 
monoecious, female and hermaphrodite 
plants. Itis shown that all the three flower 
types pass through a bisexual stage; diver- 
gence of the three types is accomplished by 
inhibition in development of the pistil or 
the stamens leading to the formation of 
unisexual flowers; by the development of 
both types of sex organs hermaphrodite 
flower is produced. 

The authors wish to thank Dr A. Fahn 
of the Hebrew University, Jerusalem, for 
his valuable suggestions concerning the 
technique used in the present study. 
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FINE STRUCTURE OF DIATOM VALVES —I 


G. S. VENKATARAMAN & S. C. MEHTA 
Indian Agricultural Research Institute, New Delhi-12 


Although a number of diatoms have 
been studied with the electron-microscope 
there is still difference of opinion about the 
fine structure of many forms. The present 
paper deals with electron-microscopical 
studies of the wall structure of three fresh- 
water diatoms, viz. Tabellaria fenestra 
Ehr. ( Araphideae |, Eunotia gracilis ( Ehr.) 
Rab. ( Raphidioideae ) and Frustulia rhom- 
boides ( Ehr.) De Toni ( Biraphideae ). 

These specimens were collected from 
Gauhati and kindly sent by Mr P. R. 
Mahadevan of Gauhati University. The 
materials were preserved in 4 per cent 
formalin and then washed with distilled 
water. They were then cleared with 
dilute HCl for few days and no heat was 
applied during clearing (cf. Desikachary, 
1954). When the frustules were fairly 
cleared, the material was washed in dis- 
tilled water and then finally preserved in 
70 per cent alcohol. The diatoms were 
directly photographed under the Philips 
Electron-microscope, mounting them on a 
formvar membrane spread on a metallic 
grid. 


Observations 


TABELLARIA FENESTRA EHR. (Figs. 
1-3) — The striae are 16-24 in 10 x and 
each stria resolved into a single series of 
pores, each of which measured 0-03-0-04 u 
in diameter. A distinct pseudoraphe is 
decipherable along the apical axis. In the 


transapical axis there is an elongated pore, 
the mucilage pore, measuring 0-04 X0-3- 
0-4 u (Fig. 3). The mucilage pores at the 
apices of the valves, as reported by other 
workers, were, however, not observed in 
this material, though a large number of 
frustules were examined under different 
magnifications (see Kolbe & Gölz, 1943; 
Kolbe, 1948; Mühlethaler & Braun, 1946 ). 
Of interest is Fig. 2 in which the valve is 
slightly turned, showing the marginal blunt 
spines (cf. Mühlethaler & Braun, 1946). 
EUNOTIA GRACILIS (Ehr.) Ras. (Figs. 
4, 5)— In this diatom the striae are 
arranged 20-30 in 10 u and each resolved 


itself into a single series of pores. No 
secondary pores were seen. The pores 
are 0:06-0:07 x in diameter. At the apex 


of the valve is a short rudimentary raphe. 
Figure 4 illustrates a slightly turned valve, 
showing the polar view of the raphe which 
extends for a short distance onto the valve 
face. The polar nodule is not seen in Fig. 
4, since the valve had turned slightly. At 
the other end of the raphe there is a slight 
thickening and a bend. 

FRUSTULIA RHOMBOIDES (Ehr.) DE 
Ton! ( Figs. 6, 7) — Here again the striae 
resolved themselves into single series of 
pores (Okuno, 1950). The striae are 28-40 
in 10 y and the pores measure 0-05-0-06 u. ” 
in diameter. There is a distinct central 
raphe with an elongated central nodule. 
The raphe is enclosed between two siliceous 
ribs. 


Fics. 1-3 — Tabellaria fenestra. 
turned, showing the marginal spines. 

Fics. 4-5 — Eunotia gracilis. 
the rudimentary raphe. 

Fics. 6-7 — Frustulia rhomboides. 
in valve view (Scale 1 u). 
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Fig. 1. Apical region in valve view. Fig. 2. Valve slightly 
- Fig. 3. Middle region in valve view. 

} ig. 4. Apical region in valve view, slightly turned, showing 
Fig. 5. Middle region in valve view. aR | 
Fig. 6. Whole frustule in valve view. 


Fig. 7. Middle region 
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Discussion 


An account is given of the wall structure 
in three diatoms, viz. Tabellaria fenestra, 
Eunotia gracilis and Frustulia rhomboides 
revealed by a study with the electron- 
microscope. The observations made here 
generally confirm those of earlier workers 
(see Desikachary, 1956 ). However, in 
Tabellaria fenestra, the group of pores 
( mucilage pores ) at the apex of the valve, 
as reported by Helmcke & Krieger ( 1952), 
was not observed: instead there was a 
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conspicuous mucilage pore in the trans- 
apical axis of the valve. The presence of 
marginal spines, as observed by Mühle- 
thaler & Braun ( 1946) in this form, has 
been confirmed. 

Our thanks are due to Drs M. S. 
Randhawa, B. P. Pal, A. B. Joshi, C. 
Dakshinamurti and R. V. Tamhane for 
their interest and encouragement; to Mr 
P. R. Mahadevan for kindly sending 
the materials and to Dr T. V. Desika- 
chary for-advice and for reading the 
manuscript. 
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EMBRYOGENY AND HISTOGENESIS IN NERIUM 
OLEANDER L.— I. ORGANIZATION OF PRIMARY 
MERISTEMATIC TISSUES 


P. G. MAHLBERG 
Department of Biological Sciences, University of Pittsburgh, Pittsburgh, Pennsylvania, U.S.A. 


Emphasis in most embryological studies 
has been directed toward an investigation 
of embryotetonics ( Johansen, 1950), or 
wall patterns, formed during initial divi- 
sions of the zygote and resultant daughter 
cells. Results of these studies have pro- 
vided some basis for recognition of several 
angiospermous embryo types. Literature 
on early embryogeny of many plants has 
been treated comprehensively by several 
authors ( Johansen, 1950; Maheshwari, 
1950; Schnarf, 1931; Souéges, 1934, 1935; 
Wardlaw, 1955 ). 


In contrast, as emphasized by Esau 
(1953) and Johansen (1950), very few 
investigations have been made of later 
embryogeny in the angiosperms or the 
gymnosperms with particular reference to 
the organization of the systems of primary 
meristematic tissues ( Allen, 1947a; Hans- 
tein, 1870; Miller & Wetmore, 1945a; 
Reeve, 1948; Spurr, 1949; Sterling, 1955 ). 
_ In this present investigation emphasis 
is directed toward a study of the early 
developmental stages of the embryo of 
Nerium oleander L. ( Apocynaceae ) and 
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progressive organization of the primary 
meristematic tissues during embryogeny. 
In subsequent papers, origin of the non- 
articulated laticifers and their develop- 
ment in the primary and secondary bodies 
of the plant will be described in detail. 


Materials and Methods 


Immature seeds at varying stages in 
development were removed from the 
follicle of Nerium and preserved in for- 
malin-propionic acid-alcohol ( F.P.A.), and 
chrom-osmo-acetic acid fixatives. For 
critical stages in embryo development 
embryo sacs were removed from immature 
seeds and preserved in the above solutions. 
Transverse and longitudinal sections 4-6 u 
thick were prepared for histological study. 
The material was stained with Foster’s 
( 1934 ) tannic acid-ferric chloride in con- 
junction with safranin and fast green, or 
Heidenhain’s haematoxylin and safranin. 


Observations 
Early Embryogeny 


Early embryogeny of several apocyna- 
ceous species was studied by Andersson 
(1931) and Rau (1940). Johansen 
(1950) assigned the developmental pat- 
tern of these species to the Sedum variation 
or caryophyllad type of embryo develop- 
ment in which the zygote divides in a 
transverse plane to form a basal cell and a 
terminal cell. The basal cell undergoes 
no further division, while several addi- 
tional transverse divisions occur in the 
terminal cell. 

According to Souéges (1924), in a 
caryophyllad representative, Sagina pro- 
cumbens, the terminal cell may undergo 
several transverse divisions to form a 
linear embryo of six cells. The body of 
the globular embryo is formed from the 
three cells distal from the basal cell; the 
suspensor, from the two subjacent cells. 
No divisions occurred in the basal cell. 

To facilitate description, embryogeny 
of Nerium has been divided into several 
morphological stages. The following 
terms have been employed by other 
authors ( Johansen, 1950; Miller & Wet- 
more, 1945a; Reeve, 1948; Rijven, 1952; 
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Souéges, 1934, 1935). After division of 
the zygote these stages include: (1) linear 
stage, a series of superposed cells arranged 
in one or more rows; (2) globular stage, a 
symmetrical mass of cells supported at 
end of suspensor; (3) heart-shaped stage, 
cotyledon initiation results in a bilaterally 
symmetrical embryo; (4) torpedo stage, 
cotyledons become closely appressed to 
one another, and hypocotyl region elon- 
gates; and, (5) mature stage, condition of 
embryo development in ripe seed. The 
proembryo; as defined by Souéges ( 1935 ) 
would include that period of embryo 
development ‘ which precedes the forma- 
tion of the cotyledons.”’ Since embryo- 
geny is a dynamic series of events, these 
terms are useful only when applied in a 
broad, flexible sense. 

Early embryogeny (Figs. 1-13) of 
Nerium oleander conforms to the caryo- 
phyllad pattern, although several minor 
modifications were observed. The first 
division of the zygote ( Fig. 1) is trans- 
verse (Fig. 2) forming a terminal cell ¢ 
most distant from the micropyle, and a 
basal cell db. The basal cell occasionally 
does undergo one or several divisions 
(Fig. 11) broadening the basal attach- 
ment of the developing embryo on the 
periphery of the embryo sac. The term- 
inal cell ¢ undergoes several transverse 
divisions to form a linear row of from 
three to five tiers of cells ( éd in Figs. 3-5 ). 

After formation of a linear embryo, the 
plane of cell division changes, whereupon 
the terminal cell of the linear stage divides 
vertically, forming a tier of two cells 
(Fig. 5). Similar divisions in the sub- 
jacent cells result in the formation of four 
tiers of cells, each consisting of two cells 
(Figs. 6,7). Fewer or more than four 
tiers may be formed. Three tiers ( Figs. 
8, 9), five tiers ( Fig. 11), as well as ob- 
liquely oriented cell divisions ( Fig. 4) were 
observed to be derived from the terminal 
cell of the linear embryo (Fig. 2, ¢). 
These variations of embryo development 
in Nerium emphasize the difficulty which 
is inherent in attempting to construct 
a typology on the pattern of embryo 
development. 

The initial series of vertical divisions in 
the several tiers of cells is usually followed 
by a second vertical division at right 
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Fics. 1-13 — Early embryology (6, basal cell; 
h, hypophysis; m, meristematic mass; pc, procambium; pd, periclinal division; pm, protoderm; 
s, Suspensor; £, terminal cell; #4, derivatives of terminal cell ). See text for description. 


ep, embryo proper; gm, ground meristem; 
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angles to the first, resulting in several, 
usually four, tiers of cells, each tier com- 
posed of four cells (Fig. 7). Further 
divisions within the several tiers of cells 
will result in formation of the body 
of the embryo, or ‘‘ embryo proper ” 
(Esau, 1953), and the subtending sus- 
pensor. 

The suspensor is formed from a variable 
number of cells (two to four) between 
the cells of the embryo proper and the 
basal cell ( Figs. 6, 7, s). Further divi- 
sions of these cells result in the formation 
of a suspensor of variable length ( Figs. 11, 
12, s) occasionally consisting of as many 
as twenty-five cells. The suspensor, uni- 
seriate along most of its length, may be 
several cells in width at the point of 
attachment to the embryo (Fig. 14,5). 

The hypophysis cell, or distal cell of the 
suspensor which subtends the embryo 
proper ( Fig. 6) occupies a relative posi- 
tion along the suspensor axis, being 
dependent upon the number of tiers which 
will form the embryo proper ( Figs. 9, 
10,4). The hypophysis cell occasionally 
may undergo division. However the deri- 
vatives do not appreciably influence the 
organization of the embryo proper. 


Tissue Differentiation 


The primary meristematic tissues — pro- 
toderm, ground meristem and procam- 
bium, and also the shoot apex and root 
apex — can be detected in a very early 
globular stage of the developing embryo. 
These tissues do not arise simultaneously, 
but become differentiated during pro- 


gressive changes in the organization and 


differentiation of the meristematic cell 
mass of the globular embryo. 
PROTODERM — Initial elements of an 
embryonic protoderm first become identi- 
fiable during formation of the globular 
embryo. Periclinally oriented divisions 
in the cells which form the four quadrants 
of the linear embryo give rise to a super- 
ficial cell layer and an internal meriste- 
matic mass of cells ( Figs. 8-12, m). Peri- 


_ clinal divisions occur first in a subterminal 


tier of cells ( Fig. 8) followed by similar 
divisions in other cell tiers, including the 
terminal tier (Fig. 11). The outermost 
cell layer rapidly becomes distinguishable 
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as a distinctive embryonic protodermal 
cell layer ( Fig. 12, pm). 

Cells of the embryonic protoderm re- 
main highly meristematic. Divisions oc- 
cur throughout the entire surface layer 
during increase in volume of the internal 
meristematic mass of cells. Anticlinally 
oriented division figures were most com- 
monly observed: in the protoderm. Ob- 
lique or periclinal figures were also evi- 
dent, the innermost derivatives becoming 
incorporated as cellular components of 
the inner meristematic cell mass ( Figs. 12, 
13, pa). 

Cytologically, there is little internal 
differentiation evident in cells of the 
embryonic protoderm. Nevertheless, peri- 
clinally oriented divisions occur most fre- 
quently in these cells in close proximity to 
the attachment of the suspensor ( Fig. 
13, pd) and less frequently at the end 
opposite the suspensor. 

SHOOT APEX — The globular embryo, 
well before the formation of cotyledons, 
shows a definable polarity (Fig. 14). 
Whereas nuclear divisions are randomly 
distributed in the embryo during the late 
globular state, the majority of division 
figures were evident in the distal half, 
i.e., the half away from the suspensor of 
the embryo. 

Greater frequency of cell divisions in 
the upper portion or distal half of the 
embryo results in the formation of an 
ovoid-shaped embryo in which this half 
becomes considerably broader than the 
suspensor end of the embryo (Fig. 14). 
The embryonic shoot apex becomes evi- 
dent as a broad group of meristematic 
cells which extends across the entire 
distal end of the embryo. Orientation 
of cell walls in the protoderm, or tunica 
layer, of the meristem indicates that cell 
divisions are predominantly anticlinal 
(Fig. 14), although periclinal divisions 
may occur along the periphery of the 
shoot apex, the inner derivatives of which 
contribute to the subprotodermal meriste- 
matic zone” (Hig. 13, pd.): 

In the embryonic shoot apex approxi- 
mately three or four cell layers of meriste- 
matic cells directly below the protoderm 
appear to remain histologically undiffe- 
rentiated, which is indicated by their 
affinity for stains. This entire zone of 
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cells ( Fig. 14 ) is interpreted as the central 
cell zone of the embryonic shoot apex. 
This delimitation of the internal tissue of 
the apex becomes visible during the diffe- 
rentiation, i.e., enlargement and vacuola- 
tion, of the cells which will compose the 
surrounding tissues, ground meristem and 
procambium, of the embryo (Fig. 15). 

Cotyledons arise upon the flanks of the 
embryonic shoot apex when the embryo 
proper attains a length of about 180 u 
(Fig. 15,co). Each cotyledon is initiated 
by a series of periclinal divisions in the 
subprotodermal layer, giving rise to a 
subapical meristem of the cotyledonary 
axis (Fig. 15). In each cotyledonary 
primordium, growth is dominated by a 
subapical meristematic group of initials 
which divide in varying planes. Inter- 
calary cell division in derivatives of the 
subapical meristem results in the forma- 
tion of histogenetically related groups of 
cells which can be detected by the heavy 
staining of the common mother cell wall 
(Fig. 16). The subapical meristem may 
be still present in cotyledons which have 
attained a height of 475 u. 

Initial maturation of tissues is indicated 
by vacuolation on the abaxial side at the 
base of the cotyledonary primordium. 
This process is an acropetal extension of 
vacuolation which also is occurring con- 
commitantly in the embryonic cortex 
region. Vacuolation extends progres- 
sively to the adaxial side of the primor- 
dium; some growth in thickness of the 
primordium is achieved by the activity 
of an adaxial meristem (Fig. 16). A 
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single procambium strand becomes visible 
within the primordium when it has at- 
tained a height of about 45 u (Fig. 
16.). 

GROUND MERISTEM — The ground 
meristem, as well as procambium, are 
derived from the inner meristematic mass 
of cells of the embryo proper. During 
development of the young globular em- 
bryo it is difficult to trace the lineage of a 
single cell, or a particular tier of cells 
( Fig. 13, 14), since the plane of cell divi- 
sion becomes progressively more irregular 
(Fig. 15). Although Souéges (1924) 
described in Sagina procumbens specific 
tiers of cells of the linear embryo to form 
the shoot apex, cotyledons, hypocotyl and 
root cap, a similar pattern was not detect- 
able in the embryo of Nerium. 

Differentiation of a ground meristem 
tissue first becomes evident in Nerium 
when the globular embryo attains a size 
of approximately 100-120 u during which 
period distinctive tissue zones become dis- 
tinguishable, cytologically, within the in- 
ner meristematic cell mass ( Fig. 15 ). 

Origin and Development of Pith — First 
evidence of differentiation within the 
ground meristem can be observed imme- 
diately below the corpus of the embryonic 
shoot apex, at the level of the cotyledonary 
node. Centrally placed cells, progenitors 
of the pith, enlarge and become less deeply 
stained than the surrounding cells ( Figs. 
14, 15). Initial vacuolation extends pro- 
gressively downward from the zone sub- 
jacent to the shoot apex toward the sus- 
pensor. (Fig. 15 ). 


Fics. 14-17 — Embryo ( c, embryonic cortex; co, cotyledon primordium, or position in embryo; 


c-p, boundary between embryonic cortex and future procambium; em, lateral expansion meristem ; 
p, embryonic pith; pd, periclinal division; pm, protoderm; rm, root meristem; s, suspensor; s?, sub- 
apical initials; sm, shoot meristem). Fig. 14. Median longisection of embryo proper 120 & long 
illustrating initial differentiation of central meristematic mass. x 560. Fig. 15. Median longi- 
section of embryo. Cotyledonary primordium is initiated by meristematic activity on flank cf 
shoot meristem in protodermal and subprotodermal cells. Differentiation of components of pith 
and cortex occurs first at level of the cotyledonary node immediately below the shoot meristem. 
x 550. Fig. 16. Median longisection of portion of embryo, cotyledon 47 y long, embryo proper 


"220 u long. Vacuolation of cells of embryonic pith and cortex extends progressively into cotyledon, 


accompanied by acropetal differentiation of procambium. x 410. Fig. 17. Transection through 
cotyledonary node 20 y below surface of shoot apex; embryo 200 u long. The cortical tissue can be 
distinguished from the procambial tissue by the somewhat thicker primary walls and differential cell 


size between the two tissue systems. x 515. 
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In a globular embryo 125 y long ( Fig. 
14), the embryonic pith can be identified 
first about 25 u. below the surface of the 
embryonic shoot apex. As a result of 
differentiation the pith extends downward 
for a distance of about 50 u from the 
surface of the protoderm to within 50 u 
of the radicle end of the embryo. Occa- 
sionally division figures may be evident 
within the differentiating cells of the 
developing pith. The embryonic pith 
within the embryo will become the pith 
of the hypocotyl region of the mature 
embryo. 

The characteristics of the embryonic 
pith can be observed readily in a transec- 
tion of the embryo (Fig. 17). At the 
level of the corpus, the cells are relatively 
uniform in size and in staining qualities. 
At a distance of only 30 u below the sur- 
face of the apex, cytohistological diffe- 
rences are evident in cells within the 
central region. Cells of the pith are 
readily detected by their larger size and 
decreased chromaticity in contrast to 
adjacent cells at a higher level or toward 
the periphery. In transection, the diffe- 
rentiating pith cells progressively decrease 
in size toward the lateral expansion 
meristem of the cortex, to be described 
below. 

In the germinating seed, a pith is not 
differentiated within the root; rather, a 
solid core of xylem is formed from the 
procambial tissue in the growing root. 
Upon growth of the shoot there is a conti- 
nued differentiation of rib meristem deri- 
vatives into cells of the pith. 

Origin and Development of Cortex — 
Inception of the cortex coincides closely 
with the initial differentiation of the pith. 
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The cortex, ‘“‘ embryonic cortex ’’ of Allen 
(1947b ), is derived from a subprotoder- 
mal cylinder of cells, two or three cells 
wide, at the periphery of the globular 
embryo. Differentiation of the cortex is 
first evident upon the vacuolation of the 
ground meristem cells which occupy a 
position directly below the shoot apex. 
As in the embryonic pith, the vacuola- 
tion of the embryonic cortical cells ex- 
tends progressively downward from the 
level of the cotyledonary node toward 
the suspensor end of the embryo ( Fig. 
15). 

Increase in width of the embryonic 
cortical cylinder is accomplished by the 
formation of a meristematic zone of cells 
along the inner periphery of this cylinder 
( Figs. 15, 17 c-p). This zone of meriste- 
matic activity, which the present writer 
terms the “lateral expansion meristem ”’ 
of the embryonic cortex, is initiated in the 
region subjacent to the corpus of the shoot 
apex. There, ground meristem cells be- 
come enlarged and subsequently divide 
longitudinally through the formation of 
both tangentially and radially oriented 
cell walls. The almost concommitant 
processes of enlargement and division can 
be detected first among those cells which 
will form the inner boundary of the future 
cortex. This meristem also extends longi- 
tudinally toward the suspensor end of the 
embryo (Fig. 18). } 

The lateral expansion meristem is not 
uniformly active along the axis of the 
embryo. The meristem is most active in 
the central portion of the embryonic 
cortex and least active at the suspensor 
end of the embryo; below the corpus, it is ! 
most active in the region of the embryonic _ 


Fics. 18-21 — Embryo (co, cotyledon; c-p, boundary between embryonic cortex and em- 
bryonic procambium; em, lateral expansion meristem; pc, procambium; pd, periclinal division; 


ym, root meristem; si, subapical initials of cotyledon axis; sm, shoot meristem ). 


longisection at right angles to the cotyledons. 


X 430. Fig. 19. Section adjacent to that show 


Fig. 18. Median 


Embryo proper 290 yp. long, cotyledons, 65 u long. 
n in Fig. 16, illustrating initial differentiation of 


procambium at level of cotyledonary node. x 460 Fig. 20. Median longi i 

F coty : E 120; gisection of embryo 400 
long with the embryonic primary tissue systems, cotyledonary primordia, shoot nieriste ro 
meristem. x 220. Fig. 21. Median longisection of root apex in embryo 220 u long. Active peri- 


clinal divisions in the protoderm are followed by similar divis 


to initiate formation of the root cap. x 375. 


ions in the internal cells of the meristem 
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cortex which will be associated with the 
future development of the cotyledons 
(Fig. 17). Thus, the embryo assumes a 
bilaterally symmetrical shape at this level, 
whereas toward the suspensor end the axis 
becomes more radially symmetrical. 

Although active for only a short dura- 
tion of time during the development of 
the embryo — it is no longer active in the 
late torpedo stage —the resultant acti- 
vity of this meristem produces a cortical 
cylinder of seven or more cells in diameter 
totalling 170 u in width in the mature 
embryo. 

ORIGIN AND DEVELOPMENT OF PRo- 
CAMBIUM — An embryonic procambium 
region is initially delimited during forma- 
tion of the lateral expansion meristem of 
the embryonic cortex. The characteristic 
enlargement and division of the cells 
which compose this meristematic zone 
demarcate it from the future procambium 
as a concentric cylinder of cells around 
the central region of the globular embryo. 
This phase in development is discernible 
first in the transection of the embryo by 
the somewhat thicker and more dense cell 
wall which separates the procambium 
from the lateral expansion meristem ( Fig. 
17 c-p). Procambium cells stain some- 
what more intensely, indicating a more 
dense protoplasmic content than in the 
somewhat vacuolated cells of embryonic 
pith and cortex. Although cells of the 
embryonic pith are slightly larger than 
those within the future procambium zone, 
there is no distinctive difference in size 
of nuclei within the cells of these differen- 
tiating tissues (Fig. 17). 

The embryonic procambium becomes 
differentiated during the very early heart 
stage of embryo development. It can be 
identified by the occurrence of longitudinal 
divisions in meristematic cells centripetal 
to the inner edge of the developing cortex. 
The first longitudinal divisions are initiat- 
ed in such cells at the level of the coty- 
ledonary node (Figs. 17, 19). Unlike 
cells of the lateral expansion meristem, 
procambium initials do not enlarge until 
a later stage in development of the embryo. 

During subsequent differentiation of 
the procambium additional divisions occur 
in other cells of this zone. Progressively, 
there is formed a vertical zone of elongated, 
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somewhat densely staining, procambium 
initials (Figs. 19, 20). Several similar 
divisions may occur in the procambium 
initials immediately below the corpus 
before the procambium initials have be- 
come differentiated at the suspensor end 
of the embryonic procambium tissue 
( Figs. 16, 20). 

Procambium initials are first discer- 
nible by their small transectional area in 
the region which will correspond to the 
single cotyledonary trace (Fig. 17). 
Longitudinal walls are laid down in a more 
irregular pattern, in contrast to cells of the 
cortical meristem. Appearing first in the 
median position of the trace, similar longi- 
tudinal divisions occur on either side of 
the first initials, forming a complete 
cylinder of procambium tissue at the level 
of the cotyledonary node. 

ORIGIN OF Root APEX — The root apex 
of Nerium, consisting of root meristem and 
root cap, first becomes visibly definable 
during a mid-torpedo stage of embryo 
development. The meristem is derived 
from a definable zone of meristematic cells 
which remain undifferentiated at the sus- 
pensor end of the embryo ( Figs. 15, 18). 
Origin of the root meristem is similar to 
that of the embryonic shoot apex in that 
both become discernible as a result of the 
differentiation of the cortex, pith and pro- 
cambium tissues. The root meristem 
differs from that of the embryonic shoot 
apex in that the continuity of the proto- 
derm across the root apex is interrupted 
by the presence of the suspensor. Thus, 
the root meristem is represented as a 
subterminal group of meristematic cells 
(Fig. 21); the hypophysis cell, or the 
several derivatives from this cell, play an 
insignificant role in formation of the root 
meristem (Fig. 13). 

Since tissue differentiation in the emb- 
ryo occurs progressively downward to- 
ward the suspensor end of the embryo, 
the root meristem is delimited slightly later 
than the shoot meristem. The cells of 
the root meristem can be distinguished 
from adjacent cells by their slightly 
greater affinity for stains and irregular 
planes of cell division (Figs. 14, 15). 
During subsequent stages of embryo 
development, cells of the root meristem 
remain densely protoplasmic and can be 
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distinguished from enlarged and vacuo- 
lated cells of the cortical and pith tissues 
(Fig. 18). 

Upon initial differentiation of the root 
meristem both cortical and procambium 
- tissues of the embryo are in direct conti- 
nuity with this common zone of meriste- 
matic initials (Figs. 18, 19). Cortical 
and procambium tissues do not appear to 
arise from independent groups of initials 
in the meristem. Rather meristematic 
activity within the root meristem contri- 
butes cell derivatives to both these tissue 
systems as well as contributing elements 
to the pith system. 

_ The root cap is initiated by periclinal 
divisions in‘ protodermal cells near the 
point of attachment of the suspensor to 
the embryo. Such divisions are evident 
in very young stages of embryo develop- 
ment and can be detected first in those 
protoderm cells adjacent to the suspensor 
( Figs. 13, 14, pd). Additional periclinal 
divisions also occur in protodermal cells 
more distal from the suspensor ( Fig. 18), 
and subsequently within cells of the root 
meristem which are adjacent to the pro- 
toderm (Fig. 21). Progressively a conti- 
nuous zone of cells is produced which 
extends across the suspensor end of the 
embryo and results in the delimitiation of 
the root cap (Fig. 21). During the for- 
mation of the root cap, few, if any, deri- 
_vatives of periclinal divisions were added 
to the inner group of cells of the root 
meristem. The several cell layers formed 
by periclinal divisions, both from the 
_protoderm and from the outermost cells 
of the root meristem, constitute root cap 
- tissue. 


Discussion 


The versatility of Haberlandt’s (1914) 
topographical concepts of primary meriste- 
“matic tissues, which include protoderm, 

procambium and ground meristem, as 
pointed out by Esau ( 1953 ), is especially 
applicable for describing the pattern of 
tissue differentiation within the embryo. 
Embryonic tissues designated by these 
terms can be effectively correlated with 
the generally accepted classification of 
mature primary tissue systems, since they 
differentiate, respectively, into the epi- 
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dermal, vascular, and fundamental tissue 
systems of the leaf, stem and root. 

It is also important to employ termino- 
logy which emphasizes the totality of 
organ development and which provides a 
continuity to the interpretation of tissue 
organization within diverse forms of 
embryo development. The objection to 
the use of the histogen concept of Hanstein 
(1868), which has been discussed by 
Foster (1939, 1949), is based on Hans- 
tein’s attempt to attribute a rather in- 
flexible pattern of development to specific 
cell layers of root and shoot apices. 

The origin of the primary tissue systems 
of Nerium oleander is a result of progres- 
sive changes in organization of all cells of 
the globular embryo. Marked histolo- 
gical, as well as topographical, changes 
become evident during the late globular 
stage wherein a polarized pattern of em- 
bryo development becomes discernible. 
Differentiation of a superficial protoderm 
occurs during an early stage in the deve- 
lopment of the globular embryo. Organi- 
zation of tissues within the embryo can be 
distinguished by more specific orientation 
of cell divisions in the central mass of 
meristematic cells which will result in the 
formation of the ground meristem and 
procambium tissue systems.  Differentia- 
tion is initiated in a specific, but broad, 
internal zone of the internal meristematic 
mass of cells distal from the suspensor, 
which will later correspond to the coty- 
ledonary node. A somewhat similar situa- 
tion appears to be present in Pinus strobus 
L. (Spurr, 1949). It is in this common 
zone of cells that elements of the future 
pith and cortex, and procambium initials, 
first become distinguishable from adjacent 
cells. 

Apical meristems remain as less differen- 
tiated zones of meristematic cells at the 
suspensor end and the opposite end of the 
globular embryo, forming a comparable 
zone of central cells in both meristems. 
Thus, cells of the central zone of the shoot 
meristem and the meristematic, or central 
cells of the root meristem are interpreted 
ontogenetically, as residual groups of un- 
differentiated cells of the meristematic 
cell mass in the globular embryo, and not 
as new structures which arise subsequent 
to tissue organization in the embryo. 
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Progressive changes in tissue organiza- 
tion of the apical regions make it difficult 
to delimit any particular stage in which 
each zone becomes an apex. The shoot 
could be interpreted as “ having attained 
the stature of a shoot apex, with the 
advent of the first evidence of cotyledonary 
formation ” (Spurr, 1949). However, it 
must be emphasized that the potential 
shoot apex is evident within the globular 
embryo at the time of differentiation of 
the primary tissue systems. Cotyledons 
are, therefore, the first formative organs 
produced by the shoot apex. Similarly 
the zone of cells of the potential root 
meristem are already present in the em- 
bryo before the formation of a root cap. 
Some cells of this meristem contribute, in 
part, to the formation of the root cap. 

Manifestation of meristematic activity 
at the shoot apex becomes evident with the 
initiation of the cotyledonary primordia 
upon the flanks of the meristem. Origin 
and development of cotyledons is very 
much like that of leaves. The dermal 
system of both the lateral primordia and 
meristem consists of only one organized 
cell layer, which would correspond to a 
tunica or 7-1 layer, in the developing 
plant. Whereas both periclinal and anti- 
clinal divisions were evident in the proto- 
derm surrounding the shoot apex prior to 
cotyledonary initiation, no periclinal divi- 
sions were detected thereafter. Further 
development of the primordium is en- 
hanced by meristematic activity within 
subjacent cells. As in the leaf, early 
terminal growth of the cotyledon is a 
result of activity of a small group of sub- 
apical initials, which gives rise to internal 
tissues of the cotyledonary axis, while 
the continuity of the protoderm is main- 
tained by continued anticlinal cell divi- 
sions. 

The concept of the cotyledonary node 
(Chauveaud, 1891), interpreted topogra- 
phically as the first node, is in need of 
further investigation.  Histologically, 
when traced to its initial appearance, it 
can be detected before the cotyledonary 
primordia are visible. Ontogenetically, 
in Nerium it represents a region of con- 
siderable morphogenetic interest, since 
it is in this region that differentiation of 
the internal primary meristems — ground 
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meristem and procambium tissues — are 
first discernible within the embryo. Fur- 
ther, it is significant that the subsequent 
differentiation of the primary meriste- 
matic tissues is progressively and acro- 
petally downward toward the suspensory 
end of the embryo. 

Upon initiation of the cotyledons, the 
procambium develops continuously and 
acropetally from the cotyledonary node 
into these primordia. A similar pattern 
was also observed in embryos of Pisum 
( Reeve, 1948 ), Pseudotsuga ( Allen, 1947a, 
1947b ), and Pinus ( Spurr, 1949 ), and is 
similar to that which has been described 
in developing leaves ( Esau, 1942; Gunckel 
& Wetmore, 1946; Miller & Wetmore, 
1945b; Sterling, 1945). The concept that 
the cotyledons are organs morphologically 
similar to foliage leaves, so well demons- 
trated by Spurr (1949) for Pinus, is also 
applicable to Nerium. 

The root meristem becomes discernible 
from the surrounding cells by progressively 
downward differentiation of the primary 
meristematic tissues. This zone of meris- 
tematic cells, directly above the suspensor, 
is homologous in structure to that in the 
embryonic shoot meristem during initial 
stages of development. Topographically, 
it is interpreted as the zone of central cells 
of the root meristem which has been 
suggested by Allen ( 1947b). There is no 
apparent stratification in the zone of © 
central cells during the formative stages 
in the embryo, which would allow the use 
of Hanstein’s concept of histogens. 

The morphological relationship between 
the dermal systems of the root and shoot 
must await further investigations of nume- | 
rous representatives before a satisfactory 
conclusion will be attained. The meriste- 
matic nature of the protoderm is empha- 
sized by the occurrence of periclinal divi- 
sions at both the shoot and root end of the 
embryo, derivatives of which are added 
to the inner tissues of the meristems. 

In Nerium both the protoderm and root 
meristem contribute to the development 
of the root cap. Periclinal divisions 
within the protoderm adjacent to the 
attachment of the suspensor, followed by 
periclinal and anticlinal divisions in the 
root meristem, result in the formation of 
a continuous zone of meristematic cells 
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across the suspensor end of the embryo. 
The inner, persistently meristematic deri- 
vatives of the periclinal divisions main- 
tain a continuity with the protoderm of 
the embryo and are interpreted as a part 
of the dermal system. The outer deri- 
vative of the polarized division pattern 


becomes specialized as a component ele- 


ment of the root cap. Since terminology 
of the primary meristems represents a 
topographical relationship which exists 
between systems, it appears quite proper 
at this time to apply the terms, protoderm 
and epidermis, respectively, to the imma- 
ture and mature dermal layers of the root, 
an interpretation suggested by Esau 
(1953). Until comprehensive studies 
upon the root meristem are forthcoming 
it would appear to be undesirable to uti- 
lize terms, such as rhizodermis ( Kroemer, 
1903 ), epiblema ( Linsbauer, 1930; Schlei- 
den, 1861), or dermatogen ( Hanstein, 
1868 ). 

Interpretation of the outermost layer of 
cells of the embryo as the epidermis 
( Miller & Wetmore, 1945a; Spurr, 1949 ) 
whether or not cell divisions are observ- 
able, also is undesirable since the conno- 
tations would not be concordant with the 
application of this term in the shoot 
system. In their interpretation, “the 


term epidermis will be applied first in onto- 


geny when the procambium and cortex 
have their inception,’ (Spurr, 1949). 
Although the writer agrees that it is diffi- 
cult to make an absolute distinction be- 
tween the protodermal and epidermal con- 
cept of Haberlandt a precursory dermal 
layer does exist in the embryo prior 
to inception of the procambium and 
cortex. 

It is quite probable that a sharp dis- 
tinction between an immature and mature 
tissue does not exist. Comparable tissues 
may differentiate at varying rates in diffe- 
rent parts of the same plant. Similarly, 
the rate of maturation of different tissues 
and cells may vary in the same or different 
plants, at comparable stages of develop- 
ment topographically. Thus, the terms 

_protoderm and epidermis, or other terms, 
should be defined as part of a flexible, 
unified concept which would suggest the 

dynamic, developmental potentialities of 

a tissue or tissue system. 
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Formation of the cortex in the globular 
embryo is associated with development 
of a meristematic zone, termed the lateral 
expansion meristem by the writer, which 
is formed along the inner periphery of 
the embryonic cortex. This meristem is 
organized during the differentiation of 
primary tissue systems in the embryo 
proper. Activity in this meristem contri- 
butes to the increase in width of the 
developing cortical cylinder, and hence, 
diameter of the hypocotyl region of the 
embryo. Although there does not appear 
to be any continuity of the lateral ex- 
pansion meristem with a tissue or tissues 
of the shoot system during subsequent 
growth of the shoot apex, the innermost 
cell layer of the cortex in the mature em- 
bryo is continuous with the endodermis 
of the growing root tip. Additional 
studies in embryo development are neces- 
sary to determine the relationship of the 
lateral expansion meristem of the embryo 
with the endodermis of the root and also 
with the differentiating tissues in the 
shoot system. 


Summary 


Early embryogeny of Nerium oleander 
is similar to the caryophyllad type of em- 
bryo development, wherein the first several 
divisions of the zygote occur in the trans- 
verse plane and the basal cell does not 
contribute further to the development of 
the embryo. The primary meristematic 
tissues are formed during early stages in 
embryo development. Periclinally orient- 
ed divisions in quadrant cells of the linear 
stage of the embryo result in formation of 
an embryonic protodermal tissue; the 
innermost derivatives of such divisions 
contribute to an inner mass of meriste- 
matic cells in the embryo proper. A pro- 
gressive increase in the number of cell 
divisions in the upper end of the embryo 
distal from the suspensor, in contrast to 
the suspensor end, precedes differentiation 
of the primary meristems in the inner mass 
of meristematic cells. The ground meris- 
tem and procambium in the embryo are 
differentiated upon cell enlargement and 
vacuolation in the inner mass of meriste- 
matic cells, giving riseto a central embryo- 
nic pith, an embryonic cortex below the 
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protoderm, and a cylinder of procambium 
tissue between the developing pith and 
cortex. A residual group of meristematic 
cells at the suspensor end of the embryo 
forms the central cells of the root meris- 
tem; a similar but much broader group of 
meristematic cells at the opposite end of 
the embryo forms the central cells of the 
shoot meristem. Only one tunica layer, 
the protoderm, is present over the central 
cell zone of the meristem of the embryonic 
shoot apex in the developing embryo. 
Differentiation of the internal primary 
meristematic tissues is first discernible at 
the level of the cotyledonary node during 
the initiation of the cotyledonary primor- 
dia, and rapidly extends downward to- 
ward the root meristem. Limited in- 
crease in width of the ground meristem in 
the globular embryo is associated with the 
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formation of a lateral expansion meristem 
along the inner periphery of the embryonic 
cortex. Cotyledons are the first organs 
formed by the shoot apex of the embryo. 
Early ontogeny of the cotyledons is similar 
to that of leaves. Meristematic activity 
in both protoderm and root meristem 


‘result in formation of a root cap. Diffe- 


rentiation of elements of procambium is 
continuous and acropetal into the coty- 
ledons, root and shoot. 

The writer wishes to express his 
appreciation to Dr Adriance S. Foster 
for reading this manuscript, and to 
Drs John G. Torrey and Clarence Ster- 
ling for reading portions of this manu- 
script which were submitted in partial 
fulfilment for the degree of Doctor of 
Philosophy at the University of California, 
Berkeley. 
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A-NEW SEED GENUS 
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In recent years, our knowledge of the 
seeds of Carboniferous plants has been 


_ greatly increased with respect to the mor- 


phology of genera and species. Kern & 
Andrews (1946), Neely (1951), and 
Mamay ( 1954 ) have described new genera 
of seeds from the American Carboniferous, 
while Walton ( 1949 ) and Barnard ( 1959) 
have reported on interesting new types 
from Carboniferous deposits in Great 
Britain. Studies of Hoskins & Cross 
(1946a, 1946b), Stewart (1951, 1954, 
1958 ) and Hall ( 1954 ) are concerned with 


more precise delimitation of the previously 


described genera, Pachytesta and Stephan- 
ospermum, as well as having introduced 
several previously unknown species. For 
comprehensive treatments of Paleozoic 
seeds, the reader is referred to Seward’s 
work ( 1917 ) and the reviews of Paleozoic 
seeds by Arnold ( 1938, 1948 ). 

It is fair to state that in general, more is 
known about larger seeds of the Paleozoic 
than about smaller ones. This fact is due 
partly to the limitations of the methods at 
our disposal, and partly to the usually 


better state of preservation of the larger 


seeds which generally have more resistant 
integuments. Our understanding of the 
affinities of most Paleozoic seeds is far from 
satisfactory, and the proper evaluation of 


the morphological features and their evolu- 
tion is also incomplete. 

In the present contribution, a new 
genus of small seeds is described. The 
seed is of interest in that it clearly demon- 
strates the weaknesses of our present 
system of classification of Paleozoic seeds, 
along with an over-dependence of this 
system on a few well-founded instances of 
correlation of seeds with stems. 


Material and Occurrence 


A single, extremely small seed, with 
good histological detail, was found in a 
coal ball at the well-known site near Berry- 
ville, Illinois.” Details of the location 
may be found in a recent paper by Mamay 


1. A number of additional seeds from the 
Berryville locality, many of them generously 
loaned to us by Dr S. H. Mamay, were examined. 
It is quite possible that some of these seeds, 
which show some morphological variances from 
the type specimen, may represent differences 
within the range of specific variation. Because 
the nucellar regions of these seeds were not 
available, it was thought to be inadvisable to 
include them in this study. Furthermore, there 
is evidence that at least one other undescribed 
small seed is present at the Berryville site. 
This seed, although having general features 
similar to the one described in this paper, is 
definitely distinct from it. 
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(1957). These deposits are Upper Penn- 
sylvanian in age. The initial cut of the 
seed exposed a nearly median longitudinal 
section ( Fig. 1). Information concerning 
the morphology in longitudinal section was 
obtained from a series of peels of this face. 
The cross-sectional aspect of the seed was 
deduced from a second series of peels pre- 
pared after a second cut was made through 
the specimen at right angles to the first. 
Because of the number of longitudinal sec- 
tions made, each of the peels of cross-sec- 
tions reveals less than half of the cross- 
sectional area of the seed ( Fig. 3 ). 

The seed is assigned to a new genus, the 
distinctive features of which are presented 
below. 


Description 


GENERAL FEATURES — The new seed is 
bilaterally symmetrical, with two broad 
lateral ridges which extend from the 
chalazal region to the micropyle ( Figs. 
3, 9). These longitudinally extending 
ridges are produced by the integumentary 
system ; the body of the seed itself is ovoid, 
and roughly circular in cross-section. The 
length of the seed is 2:1 mm; due to crush- 
ing of the chalazal end of the specimen, the 
presence or absence of a stalk could not 
be ascertained. Although the specific con- 
tours of the micropylar and chalazal 
regions of the seed could not be exactly 
determined because of some crushing of 
the seed coats, it is obvious that the seed 
is not conspicuously tapered at either end. 
The outlines of the seed as represented in 
Figs. 7, 8, are somewhat tentative, al- 
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though they are based on the continuation 
of the contours of the integument where 
preservation is good. 

In referring to the various planes and 
dimensions of this seed, the authors have 
followed the terminology employed by 
Arber ( 1910) for platyspermic ( bilateral- 
ly symmetrical) seeds. The plane through 
the broader cross-sectional axis (a result 
either of wings or lateral ridges ) is referred 
to as the primary plane; a longitudinal 
plane perpendicular to it is called the 
secondary plane. The new seed has a 
width of 1-8 mm at the widest part of the 
primary plane, and 1-2 mm at the broadest 
part of the secondary plane. 

In using Arber’s terminology, the 
authors do not intend to imply relation- 
ships to other platyspermic seeds. 

INTEGUMENTARY SYSTEM — Three re- 
gions can be detected in the integumentary 
system: an outer, a middle, and an inner 
corresponding topographically to the sar- 
cotesta, sclerotesta, and inner flesh, respec- 
tively, of a seed such as the more highly 
evolved species of Pachytesta (Stewart, 
1954, 1958). The outer layer is composed 
of uniformly thin-walled, isodiametric cells, 
and is limited externally by a distinct epi- 
dermis with isodiametric or elongate cells 
( Figs. 2,3). Epidermal cells have blunt 
end walls and vary from 20-50 u in length: 
Some of these cells have dark contents, 
while others appear completely empty 
(Fig. 3}. In different parts of the seed, 
the outer layer varies in thickness. In 
fact, the lateral ridges are almost entirely 
a result of pronounced development of this 
tissue ( Figs. 3, 9). Midway between the 


_— 


(chv, chalazal vascular disc; ep, epidermis; i,, outer 


region of integument; i,, middle region of integument; is, inner region of integument; i,-n, fused 
nucellus and inner layer of integument; m, megagametophyte; mi, micropyle; mm, megaspore 
membrane; #, nucellus; nb, nucellar beak; pc, pollen chamber; vb, vascular bundle ). Fig. 1. Median 
longitudinal section of seed through the secondary plane. C.B. 270a(2) (b) bottom, slide 12. Fig. 2. 
Longitudinal section showing histological details of the integument, nucellus, and megaspore mem- 
brane near the middle of the seed. C.B.270a (2) (b) bottom, slide 12. Fig. 3. Transverse section 
of a portion of the seed near the middle. Less than half of the cross-sectional area is shown. C. B. 
270a(2) (b) side, slide 18. Fig. 4. Details of the micropylar region in longitudinal section. Magni- 
fication is the same as that for Fig. 3. C. B. 270a (2) (b) bottom, slide 11. Fig. 5. Longitudinal 
section of the base of the seed showing the chalazal vascular disc and surrounding tissues. C. B. 
270a (2) (b) bottom, slide 17. Fig. 6. Longitudinal section of a portion of a vascular bundle in 


secondary plane showing scalariform second thi i 
I Bute a condary thickenings on a xylem element. C.B. 270a 
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Fics. 7-9 — Suggested reconstruction of Callospermarion pusillum. 


0 
mm. 


Outer, unstippled area 


represents outer zone of integument; darkly stippled region is the middle layer of integument; 
medium stippling is inner region of integument; light stippling is nucellus. The vascular system 


and megaspore membrane are represented by heavy black lines. 


in primary plane. 
section at widest part of seed. 


chalaza and the micropyle, except in the 
region of the lateral ridges, the outer 
layer is about 0-14 mm thick. It is 
more conspicuously developed at both 
ends of the seed where it may reach a 


Fig. 8. Median longitudinal section in secondary plane. 


Fig. 7. Median longitudinal section 
Fig. 9. Transverse 


thickness of about 0-3 mm. Along the 
lateral ridger, the outer layer is approxi- 
mately 2-2-5 times as thick as at com- 


parable levels on the rest of the body of 
the seed. 
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Because the middle layer of the integu- 
ment is not extensively developed except 
at the base and apex and along the lateral 
ridges, there is some reluctance to use the 
term “ sclerotesta ”” for it. Furthermore, 
there is no proof that all of the cells com- 
prising this layer were sclerotic. Most of 
the cells in the middle layer are isodia- 
metric, and about 50 u in diameter. 
Toward the apex they may be variously 
shaped. In most levels of the seed, the 
middle layer is but one cell thick, with only 
slight thickening of the cell walls ( Figs. 
1, 2). The middle layer is more cons- 
picuous toward the ends of the seed where 
it may be three or four cells in thickness, 
and in the lateral ridges, where it may be 
even thicker (Fig. 3). In many parts of 
the ceed it is possible to notice that the 
end walls, and walls facing the center of the 
seed, are thicker than the walls toward 
the outside of the seed. Toward the 
apex, the middle layer tapers and lines the 
micropylar canal (Fig. 4). The middle 
layer is continuous at the chalazal end of 
the seed, although the cells are not quite as 
thick-walled as at the apex. 

Immediately within the middle layer is a 
third layer, one cell in thickness and with 
axially elongated cells ( Figs. 1,2). These 
thin-walled cells are about 30-40 u wide, 
and up to 175 u long. The inner layer is 
fused, basally, with the nucellus, to form a 
parenchymatous region; apically, the inner 
layer extends to the base of the micro- 
pylar canal. 

NUCELLUS — Although the nucellus is 
fused basally with the inner integumen- 
tary layer, it is free for approximately 4/5 
‘of its length (Fig. 1). Just above the 
level of separation from the integument, 
the nucellus is several cells thick, becom- 
ing progressively reduced distally to a 
single cell in thickness. At the micropylar 
end, the nucellus is modified into a hollow, 

-flask-shaped beak, about 0-4 mm in length, 
which surrounds a central pollen chamber 
(Fig. 4). There is no floor in the pollen 
chamber, although broken cell fragments 
at the base of the structure allow the 
possibility that a floor had been present 
at an earlier ontogenetic stage. The walls 
of the pollen chamber, several cell layers in 
thickness at the base, taper to a single cell 

layer at the apical end. Outer walls of 


EGGERT & DELEVORYAS — CALLOSPERMARION 


135 


the nucellar beak are thickened, and may 
possibly have been cutinized for protection 
against desiccation. Apically, the nucel- 
lar beak is open, and in the pollen chamber 
are several unidentifiable pollen grains, 
about 18 u in diameter, and with reti- 
culately sculptured exines ( Figs. 1, 4). 

The ovoid megaspore membrane is 
approximately 8-4 x thick, and has a 
somewhat vermiculate pattern on its outer 
surface. At the base of the pollen cham- 
ber, the megaspore membrane is ruptured, 
and some of the gametophyte cells project 
slightly into the pollen chamber. Preser- 
vation of the megagametophyte is not 
quite good enough to allow more specific 
description. 

VASCULARIZATION — A single vascular 
strand enters the base of the seed and 
passes through the integumentary layers 
almost to the inner surface of the nucellus. 
At this level, a vascular disc or cushion is 
present (Fig. 5), from which arise two 
major strands, and two minor strands. 
The two major strands are in the primary 
plane of the seed; they pass out through 
the inner integumentary layers and be- 
come situated in the outer layer opposite 
the thickened lateral ridges of the middle 
layer (Fig. 7). In the secondary plane, 
two additional vascular strands arise from 
the chalazal vascular disc, and extend for 
a short distance upward and outward 
through the parenchymatous base of the 
seed ( Fig. 5). Figure 8 shows the maxi- 
mum development of these two traces, and 
it can be seen that they never reached the 
middle integumentary layer. Certain as- 
pects of the vascular system could not be 
definitely determined because of the plane 
of the first cut through the seed. It is 
certain, however, that all of the traces 
arose from the chalazal vascular cushion at 
the same level, and that their original 
courses in the parenchymatous base of the 
seed were the same. In the outer integu- 
mentary layer, each of the two major 
vascular bundles is surrounded by a sheath 
of darker cells ( Fig. 3). The two larger 
vascular strands extend at least as high as 
the nucellar beak, although the specific 
level at which the strands end could not be 
determined. Tracheids of the vascular 
bundles have scalariform secondary thick- 
enings ( Fig. 6). 
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CALLOSPERMARION PUSILLUM GEN. 
ET SP. NOV.2 — Diagnosis: Small, bilateral- 
ly symmetrical seed, 2:1 mm long, 1-8 mm 
wide in the primary plane, 1-2 mm wide in 
the secondary plane; two lateral longitudi- 
nal ridges arising from a central ovoid 
body. Integument differentiated into three 
layers: an outer, a middle, and an inner; 
outer layer composed of isodiametric 
parenchyma, bounded by an epidermis, 
and more extensive at ends of the seed, 
thinner at the middle. Middle layer thin 
near the middle of the seed, progressively 
thicker toward ends; cells more sclerified 
toward the micropyle, with oblique end 
walls; cells near the middle of seed with 
straight end walls and little thickening. 
Inner layer composed of a single layer of 
thin-walled cells elongated axially; layer 
thicker near base where it fuses with the 
nucellus to form a parenchymatous region. 
Nucellus free for about 4/5 of its length, 
with an apical hollow, flask-shaped pollen 
chamber about 0-4 mm long; wall of 
chamber several cells thick at base, one 
cell thick above. Megaspore membrane 
ovoid, ruptured at base of nucellar beak, 
and about 8-4 u thick. Vascular system 
consisting of a single basal strand which 
expands to form a chalazal vascular disc 
from which arise four strands well develop- 
ed in the primary plane, extending from 
the disc upward and outward, finally run- 
ning in the outer integumentary layer; 
two short strands in the secondary plane, 
not extending beyond the fused nucellus 
and inner integumentary layer. Affinities 
of the seed possibly pteridospermous, 

Stratigraphic occurrence: Calhoun coal, 
Upper McLeansboro group, Lawrence 
County, near Berryville, Illinois. 

Age: Upper Pennsylvanian. 

Holotype: Coal Ball 270, piece a (2) (b), 
and slides made from that piece, in the 
Palaeobotanical Collections, Department 
of Botany, Yale University. 


Discussion 


So far as the authors are aware, Callo- 
spermarion is the smallest Paleozoic seed 


2. The name Callospermarion is derived from 
the | Greek kalos, beautiful, and spermarion, 
diminutive of sperma, seed. 
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discovered up to the present time. It may 
be argued that the small size of this seed 
may be due only to its immaturity, and 
that with further maturation, it would 
have been larger. However, the seed is 
detached, and could not have enlarged per- 
ceptibly. Furthermore, the well developed 
pollen chamber, integumentary zonation, 
and cellular gametophyte suggest that 
the seed had matured at least as far as 
the pollen receptive stage. Pollen grains 
in the pollen chamber further attest to 
this. As in a large number of Paleozoic 
seeds, abscission apparently took place 
before fertilization (Eames, 1955 ). 

In general morphology, Callospermarion 
closely resembles seeds with apparently 
medullosan affinities. The simple, flask- 
shaped nucellar apex, with a single pollen 
chamber, is very similar to those of Pachy- 
testa andStephanospermum. Furthermore, 
attachment of the nucellus only at its base 
is also comparable to the situation in seeds 
thought to have medullosan affinities. 
However, seeds considered to be cordaitean 
(e.g. Cardiocarpus, Rhabdocarpus ) also 
have such nucellar attachment and simple 
nucellar apices which are solid or have a 
central pollen chamber. Seeds thought 
to be affiliated with monostelic pterido- 
sperms (e.g. Lagenostoma, Conostoma, 
Sphaerostoma ) often have more complex, 
sometimes multi-chambered nucellar de- 
vices, in combination with fusion of the * 
nucellus with the integuments except at 
the very tip. 

In its bilateral symmetry, Callosperma- 
rion resembles cordaitean seeds. The pre- 
sence of a pair of short vascular bundles in 
the secondary plane, however, might be 
interpreted as a result of a modification of 
a radially symmetrical seed, with four 
integumentary vascular bundles. Taxo- 
spermum, which is also bilaterally sym- 
metrical, has been interpreted as having 
cordaitean affinities by Neely (1951). 
Taxospermum has only two vascular 
strands, both of which are in the primary 
plane, although externally it exhibits 
radialsymmetry. The bilateral symmetry 
1S more pronounced in a cross-section 
which reveals the two lateral ridges in the 
sclerotesta. Whether all seeds with only 
two main vascular strands and bilateral 
symmetry should be interpreted as being 
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cordaitean is open to question. By a 
reduction of two of the vascular strands 
of a pteridospermous seed that is 
typically radially symmetrical and hav- 
ing four vascular strands, a bilateral- 
_ly symmetrical seed such as Taxosper- 
mum might have been produced. One 
might suspect that the size of the 
seed imposes some limitations on 
symmetry and elaboration. Callosper- 
marion, with its rudimentary bundles 
in the secondary plane suggests a radial 
ancestry. 

Admittedly, there is no proof that the 
bundles in the secondary plane are actually 
vestiges of what were at an earlier time 
more significant bundles. The genus 
Conostoma, however, provides a range of 
characteristics which show that the short 
bundles in Callospermarion may indeed be 
vestigial. Some of the species of the 
supposedly pteridospermous genus Cono- 
stoma are radially symmetrical. Cono- 
stoma oblongum, however, has a radially 
symmetrical vascular system (four 
strands), but is somewhat flattened 
(Oliver & Salisbury, 1911). Conostoma 
platyspermum ( Graham, 1934 ) is decided- 
ly bilaterally symmetrical, and has only 
- two strands, both in the primary plane. 
If the series is read as one of reduction, 
then a situation such as that in Callo- 
spermarion would show a step leading 
to the loss of bundles in the secondary 
plane. | 

There is nothing to prevent us from 
reading the series the opposite way, 
but regardless of the way in which 

it is interpreted, Conostoma points out 
the difficulty in arbitrarily assigning 
seeds with a certain symmetry to one 
group of plants, and seeds with a 
different symmetry to another group. 
There have been too few instances of 
actual connection to support the gen- 
erally adopted classification of Paleozoic 
seeds. 

The genus Eosperma, recently described 
by Barnard (1959), is another example 
of a seed with bilateral symmetry, but 
. with other morphological characters mat- 
ching those of seeds assigned to mono- 
_ stelic pteridosperms. Most of the seeds 
of this group (Lagenostomales) are 
‘radially symmetrical (e.g. Lagenostoma ), 
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but Eosperma, which has a nucellar 
apparatus almost identical with that of 
Lagenostoma, is considerably flattened, 
with two vascular strands in the primary 
plane. 

Although the affinities of Callosperma- 
rion cannot be definitely established at 
present, the authors are of the opinion 
that it most likely represents a small, 
somewhat reduced pteridosperm seed, 
which shows modification in the direction 
toward bilateral symmetry. Taxosper- 
mum appears to be closely related, and its 
inclusion in the Cardiocarpales may be 
open to question. 


Summary 


Callospermarion pusillum is a small, 
bilaterally symmetrical seed from the 
Upper Pennsylvanian of Illinois. It is 
ovoid, with two broad lateral longitudinal 
ridges, and is not conspicuously tapered at 
either end. Three integumentary zones 
are recognizable: an outer layer of isodia- 
metric parenchyma, a middle layer, and 
an inner zone of axially elongated paren- 
chyma only one cell thick. The middle 
layer is more extensively developed toward 
the apex and the base, as well as along the 
ridges. The free nucellus has à flask- 
shaped beak with a central pollen chamber. 
A single vascular strand enters the base of 
the seed and forms a chalazal vascular 
disc from which arise two pairs of vascular 
strands. One pair, in the primary plane 
of the seed, extends almost to the tip of 
the seed through the outer integumentary 
layer. The second pair is poorly develop- 
ed, and lies in the secondary plane. On 
the bases of the nucellar apparatus and 
the suggestion of an earlier radial con- 
dition at the base of the seed, it is sug- 
gested that Callospermarion represents 
a somewhat reduced pteridosperm seed 
which has attained bilateral symmetry 
secondarily. 

It is with grateful appreciation that the 
authors acknowledge the critical reading 
of the manuscript by Dr Sergius H. 
Mamay, U.S. National Museum, Wash- 
ington, D.C. We are also indebted to 
him for kindly loaning to us a number 
of additional seeds for comparative pur- 
poses. 
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ORGANOGRAPHY AND FLORAL ANATOMY 
OF SOME SPECIES OF VITACEAE 


N.C. NAIR & K. V. MANT 
Department of Botany, Birla College, Pilani, India 


The family Vitaceae consists mostly of 
climbing plants and is distributed in the 
tropics and sub-tropics of both the hemi- 
spheres. Previous work on its floral ana- 
tomy is very meagre. Saunders ( 1939 ) 
made some observations on Vitis vinifera 
Linn. and a species of Parthenocissus. 
Recent accounts on floral anatomy include 
those of Nair & Nambisan ( 1957 ) on Leea 


sambucina Willd. and Kashyap (1957) 
on Vitis latifolia Roxb., V. trifolia Linn, 
and V. himalayana Brandis. The present 
paper gives a comparative account of the 
organography and floral anatomy of the 
following eight species: Cissus quadrangu- 
laris Linn., C. pallida Planch., C. carnosa 
Roxb., C. repanda Vahl., C. trilobata 
Lamk., Vitis lanata Roxb., Ampelocissus 


—> 


Fics. 1-11 — Cissus quadrangularis (an, staminal trace; cps, conjoint petal stamen trace; di, 


disc; ob, obturator; pt, petal trace; st, sepal trace ). 


upwards. x 25. 


Serial transections of flower from pedicel 
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latifolia Roxb., 
( Vahl.) Gagdep. 

The material was collected during May, 
June, and July 1953-1954 from plants 
growing under natural conditions in Kerala, 
South India. Flowers of a particular 
species were obtained from several loca- 
lities for comparison. Flowers and young 
fruits were fixed in formalin-acetic-alcohol. 
Dehydration and imbedding were followed 
in the usual way. The sections were cut 
10-14 u thick and stained with erythrosin- 
crystal violet, and with safranin-fast green. 


and Cayratia pedata 


Observations 


The flowers are arranged in leaf-opposed 
compound dichasia. They have each four 
or five fused sepals, and four or five free 
valvate caducous petals. There are 
multicellular hairs on the pedicel and 
perianth lobes. The stamens are isomer- 
ous antipetalous and introrse. An anther 
has four microsporangia ( except Ampelo- 
cissus latifolia in which there are only two ) 
in the younger stages but at maturity the 
two sporangia on either side of the con- 
nective become confluent due to the dis- 
integration of the septum and the anther 
becomes dithecous. The anther wall at 
this stage consists of the epidermis and 
fibrous endothecium. Within the stamens 
there is a lobed or angular, parenchyma- 
tous nectariferous disc in which is immers- 
ed the superior bicarpellary ovary ( Fig. 
29). Sometimes the ovary is tricarpellary. 
The disc in Cayratia pedata is more pro- 
minent than in the rest of the species. 
According to Hooker (1875 ) the flowers 
of this species are mostly pentamerous, 
but in our material about 82 per cent of 
the flowers were tetramerous. The ovary 
is unilocular in the middle and bilocular 
at the base and apex. In Cissus trilobata, 
C. repanda, C. carnosa, C. pallida, Ampelo- 
cissus latifolia and Vitis lanata the pla- 
centas recede to the periphery in the uni- 
locular part (Figs. 31, 33) while in Cay- 
ratia pedata they almost touch each other 
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( Figs. 26, 27). In Cissus quadrangularis 
the septum completely disappears in the 
unilocular part and the ovarian cavity 1s 
filled with an obturator which pushes the 
ovules to the periphery ( Figs. 7-11, 21 ). 
The obturator is a compact tissue com- 
posed of large glandular cells formed by 
the proliferation of the placentas. During 
post-fertilization stages the cells become 
shrunken. As in the vegetative organs 
(cf. Metcalfe & Chalk, 1950) mucilage 
secreting cells, sphaerocrystals, and rap- 
hides are abundant in all parts of the 
flower, particularly the disc. The secre- 
tory cells, when young, contain dense 
cytoplasm and large nuclei (Fig. 19). 
In young fruits they become vacuolated 
(Fig. 20). Sphaerocrystals of the petals 
are confined to the hypodermal cells and 
appear as a pad (Fig. 22). They are 
absent in petals of Ampelocissus latifolia. 
There are two collateral, bitegmic, ana- 
tropous, crassinucellate ovules in each 
locule. The style (except in Ampelo- 
cissus latifolia where it is absent ) is long 
and slender, and terminates in minute 
stigmas. 

The vascular anatomy in all the species 
follows the same basic pattern with slight 
variations. Like a young stem, the 
pedicel in Cissus quadrangularis .contains 
a ring of four large and four small col- 
lateral bundles separated by “pith rays 
( Fig. 1). 
fuse and form a closed ring which sets off 
four traces for the sepals. Even before 
their separation from the parent stele 
these later spread out laterally and form 
a more or less complete cylinder of vas- 
cular tissue in the peripheral region ( Fig. 
2). As the calyx separates, this peri- 
pheral cylinder breaks up into twelve or 
more branches, the more prominent ones 
functioning as the mid-rib bundles of the 
sepals (Figs. 3, 4). 
more traces diverge on alternate radii 
( Figs. 3, 4) and divide tangentially into 
two each (Fig. 5). The outer branches 
enter the petals where each divides into 


Fics. 12-22 — C. quadrangularis (di, disc ). 


upwards in continuation to Fig. 11. x 25. 


— 


Figs. 12-18. Serial transections from base 


obturator marked o in Fig. 10. x 250. Fig. D a A Sele 5 250 OF tay U SEE 


haerocrystals in petals. x 250. 


In the receptacle the bundles | 


as 


Soon after, four — 
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a median and two lateral bundles ( Figs. 
9, 10). At higher levels the laterals 
divide again so that a petal in transection 
shows several bundles (Figs. 17, 18). 
The inner branches enter the filaments 
of the antipetalous stamens. 

Simultaneously with the formation of 
the petal-stamen strands four bundles 
migrate inward from opposite sides ( Figs. 
3,4). These are apparently the ventrals 
of the two carpels that soon prepare to 
give off one ovular trace each ( Figs. 5, 6). 
After the ovular supply has been given out 
the adjoining ventrals of different carpels 
fuse to form inversely oriented placental 
bundles on septal radii ( Figs. 7-9). The 
term heterocarpous ventrals as proposed 
by Hall ( 1954) can be applied here. The 
parent stele now breaks up into a number 
of small bundles. At a higher level they 
divide tangentially to form two rings of 
vascular bundles ( Figs. 4-14). The outer 
forms the supply of the disc and disappears 
towards the top (Figs. 13-15). The 
inner ring forms the supply of the ovary 
wall and none of the bundles could be 
marked as dorsal bundles of the carpels. 
At the base of the style the inversely 
oriented bundles divide to form a ring of 
eight bundles. This ring fuses with the 
bundles of the ovary wall and after travers- 
ing the style finally fades away towards 
its tip ( Figs. 15-18). The style is com- 
posed of homogenous parenchyma and 
has a narrow slit surrounded by transmitt- 
ing tissue. 

Cissus pallida, C. trilobata, and Ampelo- 
cissus latifolia differ from Cissus quadran- 
gularis in that soon after their origin the 
sepal traces divide into three each ( Figs. 
29,30). Cissus carnosa, C. repanda, Vitis 
lanata and Cayratia pedata have a vascular 
pattern similar to the preceding species 
( Figs. 23-28, 32, 33 ), but differ in having 
sepals supplied by median and commis- 
sural traces; the latter split up radially 
into the component parts in the recepta- 
cular cortex or in the calyx. 


Discussion 


_ According to Kashyap ( 1957 ) the caly- 
cine whorl is non-vascular in Vitis trifolia 
and V. himalayana. In exceptional cases 
she observed “that the traces for the 
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sepals arise from the stele though they 
did not enter them.” In our material the 
first whorl of traces supplies the calyx. 
The sepal traces of Cissus quadrangularis 
branch only in the periphery of the 
receptacular cortex, while in C. pallida, 
C. trilobata and Ampelocissus latifolia they 
divide soon after their origin. The calyx 
supply in the remaining species consists 
of four or five median and a corresponding 
number of commissural traces. These 
features suggest that originally the sepal 
was a three trace organ and that reduction 
by fusion has led to the origin of the three 
traces from a single gap in C. quadrangu- 
laris, C. pallida, C. trilobata and Ampelo- 
cissus latifolia while in the other species 
the laterals of adjacent sepals are fused 
together. 

The traces for the petals and stamens 
arise conjointly. This feature is remark- 
ably uniform in the order Rhamnales 
(Saunders, 1939; Kashyap, 1957; Nair & 
Nambisan, 1957; Nair & Sarma, 1958). 

Bonnier ( 1879 ) stated that a morpho- 
logical classification of the nectaries is 
impossible because of their variability 
even in members of the same species. 
Nevertheless the disc is regarded to be of 
great significance in many families, as it 
may represent vestigeal organs. Based 
on the position, form, and vascular supply 
it has been variously interpreted as an 
outgrowth of the receptacle, perianth, © 
reduced stamens, stipule, carpel and so on. 
The vascular supply in the members of the 
Vitaceae studied by us consists of a whorl 
of bundles formed by the tangential divi- 
sion of the bundles that supply the carpel- 
lary traces. Kashyap ( 1957) regards the ! 
disc as receptacular in Vitis. We feel 
that more studies on the comparative 
morphology of a large number of members 
of the family is necessary for understand- 
ing the exact morphology of the disc. 

The fact that the bicarpellary gynoe- 
cium in the investigated species is supplied 
by a larger number of bundles than the 
usual ventrals and dorsals is suggestive 
of its derivation from a multicarpellary 
state (see also Kashyap, 1957). 

The placentation in Vitaceae is des- 
cribed as axile (Lawrence, 1951), but 
according to Puri’s (1952) definition it 
is parietal. The placental strands are 
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Fics. 23-33 — (an, staminal trace; cp, conjoint petal stamen trace; Js, lateral trace of sepals; 
ms, median sepal trace; pt, petal trace, st, sepal trace). Figs. 23-28. Cayratıa pedata. Serial 
transections from base upwards. Figs. 29-31. Cissus pallida. Fig. 29. Diagram of ls. of bud. 
Figs. 30, 31. Cross sections at levels marked aa and bb in Fig. 29. Figs. 32, 33. Cissus repanda. 
Diagram of cross-sections to show supply to various floral organs. All Figs. x 25. 
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inversely oriented and similar examples are 
known in a large number of other families 
( sees Part, #1951411952, 1954 nites 
possible that in the Vitaceae also there has 
occured a change from the axile placenta- 
tion, a condition that is still seen in some 
members of the family, to the parietal, the 
placental strands retaining their inverse 
orientation. Further, there is a graded 
series among the investigated members 
to demonstrate the receding of the pla- 
centas to the periphery, and Cissus quad- 
rangularis represents the most advanced 
condition in this respect as the septum dis- 
appears in the unilocular part of the ovary. 


Summary 


The organography and floral anatomy 
of eight species of Vitaceae is described 
in a comparative manner. 
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The gamosepalous calyx is supplied by 
median and commissural traces in Cay- 
ratia pedata, Cissus repanda, C. carnosa, 
and Vitis lanata. In Cissus quadrangularis, 
C. trilobata, C. pallida, and Ampelocissus 
latifolia the median and lateral traces 
are fused together and arise from a 
single gap. The supplies to the petals 
and stamens arise conjointly. The disc 
is supplied by a whorl of bundles 
formed by a tangential division of the 
carpellary - bundles. The gynoecium is 
supplied by a large number of bundles. 
The placentation is parietal and is con- 
sidered to have been derived from axile 
condition. 

We are thankful to Dr. V. Puri, for 
kindly going through the manuscript and 
suggesting several improvements; and to 
Dr B. N. Malay for facilities, encourage- 
ment and suggestions. 
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THE SHOOT APEX OF SOME NEW ZEALAND 
GYMNOSPERMS 


VALERIE H. JACKMAN* 


Department of Botany, University of Canterbury, New Zealand 


Introduction 


The apical meristems of the vegetative 
shoots have been studied in several gymno- 
sperms and a summary of their structure 
is given by Johnson ( 1951 ) and Camefort 
(1956). They show considerable varia- 

tion and even within species there are 
marked differences related to the position 
of the bud, its seasonal activity and the 
type of shoot to which it gives rise. All 
these aspects should be incorporated in 
any study of the apical meristem, and 
while this is usually the case in the more 
recent studies, earlier work frequently 
did not include a description of the apex 
in all of its phases. 

The problem is to organize the informa- 
tion from the various groups into a general 
account employing a few general concepts 
which will be appropriate for the des- 
cription of any apex while admitting 
minor variations. To this end, the apices 
described in this paper have been con- 
sidered under the following headings : 
- (1) the surface layer, (2) the apical cells, 
_ (3) the flanking meristem, and (4) the pith 
mother cells, which may be further divided 
into pith mother cells and pith rib meri- 
stem. 

The apical cells comprise the group of 
cells at the very tip of the apex, while the 
surface layer consists of the single layer 
of cells over the flanks. Usually, the 

surface layer is considered to be made up 
of those cells covering the entire surface of 
the apex, while the group beneath them 
at the summit has been termed the sub- 
_apical initials. Because the surface cells 
at the apex are more similar in appearance 
_to the cells beneath them than to the cells 


of the surface layer over the flanks, they 
have been described as belonging to an 
apical group. The term “initials’’ has 
been abandoned as it implies an activity 
on the part of such cells which is at present 
being questioned by several workers, 
in the light of Plantefol’s ( 1947 ) concept 
of the ‘anneau initial’’ and the “ méri- 
steme d’attente’’ (Buvat, 1952). The 
apical cells referred to in the present study 
are considered to divide in all planes 
except at the surface where the divisions 
are periclinal and anticlinal, or solely 
anticlinal. Derivatives of the group 
contribute to the surface layer, the flank- 
ing meristem and the pith mother 
cells. 

In this paper the vegetative apices of 
certain species of New Zealand gymno- 
sperms are described, and their organiza- 
tion is compared with that of such gymno- 
sperms as have been described previously. 
The material selected comprises one 
species from each of the genera Agathis, 
Podocarpus, Libocedrus, Dacrydium and 
Phyllocladus and includes forms with a 
definite resting period (Podocarpus and 
Phyllocladus ), with terminal and lateral 
buds ( Podocarpus and Phyllocladus ), with 
cladode systems and reduced leaves 
(Phyllocladus) and juvenile and adult 
shoots ( Dacrydium and Libocedrus ). In 
Agathis it was hoped to determine whether 
a discrete or nearly discrete outer layer 
was present, similar to that found by 
Grifith (1952) in Araucaria. The work 
was undertaken after the publication of 
the review paper by Johnson (1951) in 
which it was noted that Agathis, Libo- 
cedrus, Dacrydium, Phyllocladus and Podo- 
carpus awaited further study. 


*Present address: Department of Botany, University of Sydney, Sydney, N.S.W., Australia. 


145 


146 


Material and Methods 


Material of one species of four of the five 
genera of the Coniferales which are repre- 
sented in New Zealand was collected 
monthly from the Christchurch Botanic 
Gardens, and five collections were made 
of material of a species of the remaining 
genus in the Arthur’s Pass area. There- 
fore a complete sample over the twelve 
months from January 1954 to January 
1955 was obtained for Agathis australis, 
Libocedrus plumosa, Phyllocladus tricho- 
manoides and Podocarpus totara. Mate- 
rial of Dacrydium biforme was gathered 
in December 1953, and February, April, 
June and November 1954. The material 
was killed and fixed in the field in formalin- 
acetic-alcohol. The bud scales or young 
leaves investing the bud were removed 
or loosened and very little stem was left 
below the apex. This was done to assist 
rapid and thorough penetration in all 
species. The material could be kept 
indefinitely in the formalin-acetic-alcohol 
and the period of storage had no effect 
on the suitability of the material for 
sectioning. 

Before dehydration, the apices were 
dissected under the binocular microscope 
and all investing scales and leaves re- 
moved, surplus stem tissue was cut away 
and the apex trimmed to the minimum 
size practicable. Considerable difficulty 
was encountered in dehydrating, em- 
bedding and sectioning because of the 
large amounts of tannins and other waste 
substances which are deposited throughout 
the maturing tissues, especially in the 
pith and epidermis. 

For dehydration and clearing, the ter- 
tiary butyl alcohol method, with certain 
modifications, was found to be the most 
satisfactory, leading to good infiltration 
with little shrinkage or distortion. It was 
necessary to increase the time in the 
paraffin oil — tertiary butyl alcohol mix- 
ture by as much as three times the period 
recommended by Johansen ( 1940). 


The Vegetative Apex of Dacrydium 
biforme 


Dacrydium biforme Pilger produces both 
juvenile and adult leaves. Growth is 
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almost continuous, no distinct dormant 
bud being formed on either type of shoot. 
The apex of both types of shoot is very 
small, the average dimensions of the adult 
shoot being 36-0 u in height and 87-0 y in 
diameter, and of the juvenile shoot 40-0 u 
and 94-0 u. for the same directions. The 
measurements were taken at the level of 
the youngest leaf primordium. In sHape 
the apex is a high cone and in longitudinal 
section shows the following zones ( Fig. 1 ): 
(1) the surface layer, (2) the apical cells, 
(3) the flanking zone, and (4) the pith 
mother cells. 

THE SURFACE LAYER — Periclinal divi- 
sions occur occasionally, high on the apical 
cone. Their appearance is not restricted 
to any particular season. 

THE APICAL CELLS — These occur at 
the tip of the apex and are distinguishable 
by their position and irregular arrange- 
ment rather than by their staining pro- 
perties. Periclinal divisions occur oc- 
casionally in the cells over the surface of 
this region. 

THE FLANKING ZONE — This lies be- 
neath the surface layer and forms a 
cylinder around the pith. In both types 
of shoot it is usually two cells thick, but 
may increase to three in the juvenile shoot 
during the autumn and winter. The leaf 
primordia arise in the flanking zone as the 
result of the division of its cells in all 
planes. The identity of the surface layer © 
is maintained during leaf formation. 
Except during leaf formation, the direction 
of cell division is predominantly at right 
angles to the surface. 

THE PITH MOTHER CELLS — These form 
a very small group at the base of the! 
apical cell zone and at times may be 
difficult to separate from the latter group. 
They produce the pith which matures 
very rapidly and some pith cells five re- 
moved from their initials will have lost 
their nuclei and become filled with densely- 
staining ergastic substances. The pith 
cells of the adult shoot may mature at a 
distance of one or two cells from their 
source so that no true pith rib meristem 
is formed. 

The zonation of both the adult and 
juvenile shoots of D. biforme corresponds 
closely to that described by Cross for 
the Taxodiaceae ( Johnson, 1951). Topo- 
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Fics. 1-5 — Diagrams of apical zonation (a, surface layer; b, apical cells; c, flanking zone; 
d, pith; d’, pith mother cells; e, pith rib meristem ). Fig. 1. Dacrydium biforme. Fig. 2. Libocedrus 
plumosa. Fig. 3. Phyllocladus trichomanoides. Fig. 4. Podocarpus totara. Fig. 5. Agathis australis. 
The diagrams indicate the relative sizes of the apices. 


graphically there are four zones in this flanking tissue, and (4) a core of pith 
family: (1) a self-perpetuating group of mother cells. 

surface initials, (2) a relatively small The apices of the juvenile and adult 
group of subapical initials, (3) a mantle of shoots of D. biforme show little seasonal 
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variation, but a variation from minimum 
to maximum size, correlated with the 
initiation and growth of foliar buttresses 
and their associated leaf primordia, occurs 
as in other opposite-leaved plants ( Gnetum 
gnemon, Schmidt, 1924; Johnson, 1950 ). 
This is more evident in the apices of adult 
shoots as would be expected because of 
the more definite pattern of leaf arrange- 
ment, but measurements such as those 
taken for Gnetum were not obtainable 
from the sections available. 


The Vegetative Apex of Libocedrus 
plumosa 


Libocedrus plumosa (D. Don.) Druce 
produces both juvenile and adult foliage. 
The apex ( Fig. 2) is a rounded or pointed 
cone which varies considerably in size 
without respect to the seasons; indeed, 
no typically dormant bud is formed and 
growth appears to be continuous through- 
out the year. Two types of apex are 
produced. Those borne on the expanded, 
frond-like branchlets will be termed the 
juvenile buds or apices, and those borne 
terminally on the major branch system 
and giving rise to stems clothed with 
small, spirally arranged leaves, will be 
referred to as the adult buds or apices. 
From measurements taken at the level of 
the youngest leaf primordium, a difference 
in size between the juvenile and adult 
apices is indicated. The average height 
and diameter of the juvenile apices are 
46-0 u and 69-0 u, while of the adult they 
are 72:0 u and 108-0 u. The average ratio 
however, remains fairly constant in both 
types of apex at approximately 1: 1:5. 
The general zonation of the apex is similar 
in both forms and the following regions 
can be distinguished ( Figs. 2,6): (1) the 
surface layer, (2) the apical cells, (3) the 
flanking zone, and (4) the pith mother cells. 

THE SURFACE LAYER — Periclinal divi- 
sions do not occur in this region even 
where leaf initiation is occurring. This 
layer may occasionally appear to be 
double, but this is due to the production 
of well-defined files of cells in the flanking 
zone and not to periclinal divisions in the 
surface layer. 

THE APICAL CELLS — The cells of this 
region divide in all planes except at the 
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summit where divisions are predominantly 
anticlinal, although periclinal divisions 
have been observed. The apical cells 
are usually much larger than the cells of 
adjoining regions, but the limits of the 
group are not always clearly defined. In 
the juvenile apex there occur, typically, 
in median longitudinal section, eight or 
nine of these cells, while there are twelve 
on an average in the adult. 

THE FLANKING ZONE — This is made up 
of fairly regular files of cells which are 
usually smaller than the pith cells and the 
apical initials and stain more densely. 
Divisions in this group are almost ex- 
clusively anticlinal except during the 
formation of leaf primordia when they are 
at all angles to the surface. 

THE PırH MOTHER CELLS— A small 
group of pith mother cells, conspicuous by 
their larger size and greater degree of 
vacuolation as compared to the adjacent 
cells, is often visible at the base of the 
apical zone. No more than four pith 
mother cells have been observed in longi- 
tudinal section, and this number occurred 
in an adult bud. Such a group is not 
always discernible and when this is so, 
the pith cells appear to arise directly from 
the base of the apical group. Presence or 
absence of the pith mother cell group has 
no relation to the season of the year, but 
may depend on the size of the apex, an 
apex of small dimensions being less likely © 
to show such a group than a larger apex. 
There are the beginnings of a pith rib 
meristem in L. plumosa, for the first dead 
pith cell filled with waste substances does 
not occur until at least six cells intervene 
between it and the mother cell and such a — 
cell may be almost isolated in this position. 
For a distance of 40 to 50 u further down 
the stem their occurrence is scattered, the 
bulk of the pith cells being alive and en- 
larging as well as dividing parallel to the 
surface as the diameter increases. The 
rib nature of the pith is not altogether lost 
after these longitudinal divisions, as 
transverse ones also occur, or a new cell 
from a longitudinal division may produce 
a short file of cells. It would appear that 
the latter form of activity is of far more 
frequent occurrence. The pith cells are 
larger and more vacuolate than those of 
the flanking region. 
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L. plumosa belongs to the Cupressaceae 
of which family only three genera, Cup- 
ressus ( Strasburger, 1872; Karsten, 1886; 
Duliot, 1890), Juniperus (Groom, 1885; 
Koch, 1891), and Thuja (Koch, 1891 ) 
have been the subjects of apical investiga- 
tions, the results of which were interpreted 
according to the older ideas of apical 
organization. The apex of L. plumosa 
corresponds to the general description of 
Cupressus, Juniperus and Thuja given by 
Johnson (1951). There is also a similar- 
ity between the apices of Libocedrus and 
Cryptomeria japonica (Cross, 1941) in 
which the surface layer is discrete except 
at the summit and in which the pith arises 
from the pith mother cells and matures 
rather rapidly. 


The Vegetative Apex Phyllocladus 
trichomanoides 


Phyllocladus trichomanoides D. Don. is 
a tall tree 50-70 feet high. Its branching 
habit is peculiar, based on a slender taper- 
ing trunk from which are produced whorls 
of branches, this pattern being repeated 
until the distal buds of each branch are 
reached. The leaves of the seedling plant 
are soon deciduous and of the older plant 
are reduced to minute scales associated 
with the cladodes. Leaf-like bud scales 
are also produced, in the axils of which the 
cladode systems arise. 

Because of the capacity of the lateral 
shoots to take over the function of the 
terminal shoot when this has been re- 
moved or damaged, and because primary, 
secondary and tertiary laterals may occur 
on the one branch, it has been difficult to 
decide upon the category to which a 
collected bud belongs. Those buds called 
terminal have been collected from the 
extremities of strong, well-developed 
branches, usually those springing imme- 
diately from the trunk. Those called 
laterals have been collected from the 
appendages of these branches. 

The material available indicates a great 
range in size of apices, the smallest studied 
being 49-0» and 203-0 u. in height and 
diameter, a lateral bud, and the largest 
175-0 u and 315-0 u. in both lateral and 
terminal buds. Much of this variation is 
attributable to the distance from the 
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summit at which the youngest leaf pri- 
mordium occurs, as the size of the apex 
diminishes consequent to the formation 
of a new primordium, but increases again 
as that primordium develops and before 
the next one is produced (cf. Gnetum, 
Johnson, 1950). The only difference in 
the measurements of the two kinds of 
apex was in the height of the apex as 
measured from the base of the maturing 
pith. This averages 395-0 u in terminals 
and 322-0» in laterals, but even here 
there was quite a wide range amongst 
individuals. The ratio of height to dia- 
meter in both types of apex lies, with a 
few exceptions, between 1: 1-5 and 1: 2. 

The shape of the apex is characteristic 
and peculiar (Fig. 7). Itis a rather pointed 
cone which enlarges quite suddenly at the 
base to form a broad, sloping platform 
surrounding the rest of the apex. This 
broadening out is more obvious in some 
apices than in others, but is indicated in 
all. Both types of apex show the follow- 
ing zonation ( Figs. 3, 7) : (1) the surface 
layer, (2) the apical cells, (3) the flanking 
zone, (4) the pith mother cells, and (5) the 
pith rib meristem with a region of longi- 
tudinal and a region of transverse ex- 
pansion. 

THE SURFACE LAYER — The surface 
layer is usually discrete, but. periclinal 
divisions occasionally occur near the 


apical group, usually when the outermost — 


cells of the latter are showing particularly 
abundant periclinal divisions. It is pos- 
sible that there are the beginnings of a 
tunica in Phyllocladus, as several apices 
were observed which showed no periclinal 
divisions in the outermost layer. In one 
instance, the layer beneath was also fairly 
well defined, giving the appearance of a 
two-layered tunica. There does not seem 
to be any correlation between the presence 
or absence of periclinal divisions and the 
seasonal activity of the bud. The typical 
apex, at all seasons, shows abundant peri- 
clinal divisions, although only towards 
the summit. 

THE APICAL CELLS — The apical cells 
form a self-perpetuating group at the 
summit of the apex. They average 17 in 
median longitudinal section of each type 
of shoot ( except ia the meristem terminat- 
ing a cladode, in which they average 11). 


— 
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They form a fairly definite group, dis- 
tinguished from the flanking zone by their 
irregular arrangement as contrasted with 
the fairly uniform alignment of the peri- 
pheral group. The nuclei of the apical 
cells are very large, almost filling the entire 
cell. Whilst this is also true of the nuclei 
in the flanking zone, here the cells are 
smaller and more regularly arranged and 
their nuclei stain more densely. It is 
often possible to demonstrate the origin of 
the flanking zone from the apical group, 
as the elongation of a cell prior to dividing 
is frequently in this direction in the peri- 
pheral regions of the apical group, or a 
cell newly divided in this direction may 
show clearly. Intercellular spaces may 
occur in the apical group. 

THE FLANKING ZONE — The flanking 
layers of the apex are developed beneath 
the superficial layer from the cells of the 
apical zone. They are smaller than the 
cells from which they are produced and 
have densely-staining nuclei. They divide 
at right angles to and parallel with the 
surface, the former direction being the 
more common, so that a linear arrange- 
ment results. There are usually three or 
four layers in this region. From it are 
produced the inner tissues of the leaves 
and the cortex and vascular tissues of the 
stem, while it may also make contributions 
to the pith. It is a feature of Phyllocladus 
trichomanotdes that the vascular tissue is 
poorly developed in the leaf primordia 
and is frequently not visible at all. This 
is correlated with the seasonal activity 
of the bud which lays down primordia 

only at certain times of the year. Cladode 
- systems produced during 1954 first became 
visible during dissection in buds gathered 
in October, but by December they had 
attained a length of & to 1 inch. They 
always arise in the axils of the oldest scales 
of the resting bud which are followed by 
-a dozen or so young bud scales of which 
the older ones are slightly spreading. The 
young scales elongate and come to enclose 
the apex with their bases, the tips remain- 
ing spreading, and by April have reached 
the compact resting state with the whorl 
of cladode-bearing branches lying at the 
base of the bud. The bud remains in the 
resting condition until November when 
the scales begin to expand and the next 
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season’s cladodes emerge. It is only 
during the few months of active growth 
that the provascular strands are differen- 
tiated in the meristematic tissues and even 
then they are confined to well-developed 
scales and cladodes. 

THE PirH MOTHER CELLS — The pith 
mother cells are produced from the base 
of the apical group and are readily dis- 
tinguishable by their large size and lightly 
staining protoplasm. The nuclei are 
about the same size as those in the apical 
group, but stain more densely. The 
number of pith mother cells varies from 
2 to 9 in median longitudinal section, but 
there are usually 3 or 4. They form the 
apex of a well-defined cone of cells destined 
to become the pith. 

THE PitH Rip MERISTEM — Below the 
pith mother cells and produced from them 
is an extensive and active pith rib meri- 
stem with cell divisions predominantly in 
a horizontal plane resulting in files of cells 
running in the direction of the longitudinal 
axis. The cells are rectangular in shape 
with a high degree of vacuolation in their 
protoplasts and their nuclei are smaller 
than those in the upper parts of the apex. 
It frequently occurs that the cells of the 
rib meristem, while dividing, remain en- 
closed in the mother cell wall which stains 
with tannic acid - ferric chloride, whilst 
the walls of the daughter cells, and indeed 
of other actively dividing cells in the apex, 
do not take up this stain at all readily. 
The daughter pith cells may be in groups 
of two to five, clustered or arranged 
linearly. The difference in the length of 
the pith or ‘meristematic core ( Johnson, 
1950; Philipson, 1954) has already been 
mentioned in comparing the size of the 
terminal and lateral buds. Besides there 
being active division in the cells of the 
pith rib meristem, it is also a region of 
cell elongation for most of its length. 
Just above the mature pith but below the 
shelf at the base of the apical cone, the 
cells increase in size transversely. The 
late development of the pith as seen in 
Phyllocladus is not of common occurrence 
in conifers, but is characteristic of Sequoia 
(Cross, 1943) and Araucaria (Griffith, 
1952) 

In zonation and appearance there are 
remarkable similarities between the apex 
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of Phyllocladus trichomanoides and that of 
Sequoia sempervirens as figured and des- 
cribed by Cross ( 1943 ) and as demonstrat- 
ed in the photomicrographs of Sterling 
(1945). The apex of P. trichomanoides 
is larger than that of S. sempervirens, 
the average diameter of the former being 
265-0 u while the largest measured by 
Cross for a terminal bud of S. sempervirens 
was 170-0 u. Also in Sequoia there is a 
size difference between laterals and ter- 
minals, the former being the larger. 
There is a fairly well-defined surface layer 
beneath which, at the summit, is a group 
of subapical mother cells. Periclinal divi- 
sions occur in the surface layer of S. 
sempervirens at the summit of actively 
growing apices, but occur only occasionally 
on the flanks of leading shoots and not 
at all on those of laterals ( Cross, 1943 ). 
According to Sterling, periclinal divisions 
occur frequently enough on the flanks 
to invalidate the existence of a discrete 
layer in this species. Nevertheless, a 
discrete layer would seem sometimes 
to be present, and in this respect the apex 
of Sequoia would compare with that of 
Phyllocladus in which periclinal divisions 
are rare, except at the summit, and are 
situated high on the apical cone when 
they do occur. The surface layer cannot 
be said to be discrete during dormancy, 
as it would appear to be in Sequoia, as a 
tunica-like layer has been observed in 
apices at varying stages of activity. 
Periclinal divisions at the summit would 
perhaps predominate over anticlinal divi- 
sions in Sequoia, at least in leading shoots. 
This situation also occurs in 'Phyllocladus 
during active growth. The cells of the 
surface layer of Seguoia differ from the 
underlying cells in being somewhat elon- 
gated in a direction parallel with the 
surface in dormant apices but elongated 
at right angles to this direction in the 
actively growing apex. They are also 
smaller than the underlying cells in which 
characteristic they are similar to the cells 
in this region in Phyllocladus. There 
would not appear to be any marked 
elongation in these cells in Phyllocladus, 
and the walls are neither thickened nor 
supplied with conspicuous pits. In both 
species the identity of the surface layer is 
maintained during leaf formation. 
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The apical cells perhaps constitute a 
better-defined zone in Phyllocladus than 
in Sequoia where they are sharply de- 
limited in dormant apices only. They are 
identical in position and function and are 
irregularly arranged with cleavages in all 
planes. 

The flanking meristem is of the same 
character as that usually found in gymno- 
sperms being in both a cylinder of small, 
darkly-staining cells arranged in longi- 
tudinal files and surrounding the pith. 
The lateral derivatives of the shoot, along 
with their vascular components, originate 
here. 

The pith mother cells arise as the result 
of transverse cleavages of the basal cells 
of the apical zone and in both species give 
rise to vertical rows of young pith cells 
which in Phyllocladus and the larger 
apices of Sequoia form quite an extensive 
rib meristem, the maturation of the pith 
being delayed for much longer than is 
usually the case in gymnosperms. Cross 
does not mention the staining properties 
of these cells in Sequoia, but in Phyllo- 
cladus they are quite distinctive. The 
pith mother cells of Sequoiadendron gi- 
ganteum do, however, exhibit differences 
in vacuolation from the cells of the peri- 
pheral meristem (Cross, 1943). In Se- 
quoiadendron the same zones are evident 
as in Sequoia, but it is noticeable that the 
flanking regions arise from the base of the : 
subapical initials and the apical initials 
occupy the entire summit of the apex 
within the surface layer. Sterling ( 1945 ) 
mentions the occurrence, in dormant 
shoots of Sequoia, of a crown of trans- 
versely expanded cells in the pith, which 
separate the apex from the rest of the 
shoot. Such a crown is not as well deve- 
loped as in Torreya (Kemp, 1943) or 
Pseudotsuga ( Allen, 1947), but appears 
to be similar to’ the band occurring in 
Phyllocladus. 


The Vegetative Apex of Podocarpus 
totara 


Podocarpus totara D. Don. displays 
seasonal growth, a dormant bud being 
formed during autumn and remaining 
until spring when growth recommences. 
The leaf primordia laid down at the end 
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of the previous growing season develop 
into leaves which emerge from within the 
cataphylls surrounding the resting bud. 
Rapid elongation of the stem occurs and 
at the end of the growing season the 
. foliage bud may be situated at from two 
to seven inches from the cataphylls which 
surrounded it in the resting state. Ter- 
minal and lateral buds are developed and 
the former show greater activity than the 
latter in producing a longer stem during 
a season’s growth. The first appendages 
to be laid down after the shoot has ceased 
to elongate are the cataphylls which are 
followed by a varying number of foliage 
leaf primordia, the lower ones bearing 
in their axils, the lateral buds which will 
enter their first year of growth at the 
beginning of the next season. The apex 
itself undergoes changes throughout the 
year, but these will be described for each 
zone as it is dealt with. 

The average dimensions of the apices 
throughout the year are taken at the level 
of the axil of the youngest primordium 
and are approximately 82-0 in height 
and 330-0 x in diameter for both laterals 
and terminals. The apex usually has the 
shape of a broad, rounded cone and shows 
the following zones ( Figs. 4, 8) : (1) the 
surface layer, (2) the apical cells, (3) the 
flanking zone, and (4) the pith. 

THE SURFACE LAYER — Seasonal varia- 
tions occur in the surface layer which 
at one time may have numerous periclinal 
divisions and at another, few or none. 
They occur most frequently during the 
_ growing season when they are abundant 
near the summit and of varying frequency 
over the flanks. They are of more fre- 
quent occurrence in terminals than in 
laterals. During the rest of the year 
their occurrence is limited and they only 
appear high on the apical cone or may be 
absent, especially from lateral apices. 
Lateral buds remain dormant for a longer 
period than terminal buds and periclinal 
divisions are rare or absent in the former 
for a correspondingly longer period of the 

ear. 

The cells of the surface layer are small 
‘and elongated at right angles to the sur- 
face. They have large nuclei which stain 
with only moderate intensity near the 
‘summit, but towards the base of the apex, 
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the nuclei become smaller and stain more 
densely. In both lateral and terminal 
buds the surface layer remains discrete 
during the formation of leaf primordia. 

THE APICAL CELLS — These are situated 
at the summit of the apex and form a cup- 
shaped zone. They are numerous, usually 
numbering from 20 to 30 in median longi- 
tudinal section, large, with large, lightly- 
staining nuclei. Avidity for stains be- 
comes even less towards the centre of the 
group. Divisions of the apical cells are 
in all planes except at the surface, where 
they are only anticlinal or periclinal, 
periclinal divisions being few or absent 
during the period of dormancy. 

THE FLANKING ZONE — From the sides 
of the cup-shaped zone of apical cells, and 
by the division of the cells at right angles 
to the surface, files of cells are formed in 
which divisions continue to predominate 
in this plane. These form the flanking 
zone, three or four rows in depth, which 
lies immediately beneath the surface layer 
which contributes to it only occasionally. 
Despite the size of the apex, the number 
of layers in the flanking zone remains 
constant at three or four. The cells of 
this zone are rectangular, their longer 
dimensions being parallel to the surface, 
and they are a little larger than the cells 
of the surface layer which overlie them. 
Divisions close to the apical initials are 
anticlinal, but occur in all planes during 
the initiation of a foliar organ. These are 
formed high on the apical cone and the 
procambial tissue associated with them 
is consequently found within a very short 
distance of the summit of the apex. 

THE Piru — From divisions of the basal 
cells of the apical group are derived the 
pith cells. The divisions are in a hori- 
zontal plane so that the files of cells may 
be of considerable length, but vertical 
divisions may also occur and in this way, 
the pith increases in diameter. No pith 
rib meristem is formed and certain pith 
cells become filled with ergastic materials, 
or lose their contents, very near the sum- 
mit of the apex. Such cells first appear 
about level with the axil of the youngest 
primordium or a little lower, but are 
constantly in this region. Such cells may 
also occur in files, especially as the mature 
tissue is approached. The cells of the 
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pith are vacuolate and have relatively 
small nuclei which stain with moderate 
intensity, while the cytoplasm stains only 
lightly. Numerous simple pits are visible 
in the walls of the pith cells. Contri- 
butions from the flanking zone to the pith 
must be rare if they occur at all. 

At the end of the period of shoot elon- 
gation and while the leaf primordia are 
being laid down, cells at the base of the 
apex, about level with the cataphylls, 
become markedly elongated horizontally, 
so that a crown is produced which becomes 
more obvious as leaf initiation proceeds, 
until it reaches its final form before shoot 
elongation recommences. The cells of 
this region are vacuolate with very small 
nuclei which stain densely and they have 
thick walls. The crown is traversed by 
the vascular tissue but otherwise it se- 
parates the apex from the mature stem. 
Measurements of the distance from the 
summit of the apex to the crown indicate 
that the length of the apex increases 
during leaf formation, but drops sharply 
when growth is resumed during spring, to 
regain gradually its maximum length 
during the following seven or eight months 
till the leaf primordia are again laid down. 

Johnson (1951) describes the apex of 
Podocarpus longifolia from ten apices, 
and finds four regions : (1) a superficial 
initiation zone, (2) a group of subapical 
initials, (3) a flanking zone, and (4) a pith 
rib meristem. 

This differs from Podocarpus totara in 
possessing a pith rib meristem and, in the 
figure provided, the surface layer shows 
more periclinal divisions on the flanks and 
shoulders than have been observed in P. 
totara even in active apices. 

P. totara shows a certain similarity of 
organization to Chamaecyparis pisifera 
( Johnson, 1951 ) in having periclinal divi- 
sions at the summit and in lacking a rib 
meristem. C. pisifera possesses a small 
group of pith mother cells which is oc- 
casionally distinguishable in P. totara. 

The seasonal variations in P. totara 
compare with those in Torreya californica 
( Kemp, 1943). In both, three phases are 
evident, the resting stage, the period of 
bud expansion and the period of the deve- 
lopment of a new bud. In both, the inci- 
dence of periclinal divisions is greatest 
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during the laying down of primordia, but 
in T. californica they are restricted to the 
summit while in P. totara they may occur 
further down the surface of the apex. 
Only occasionally do they occur in the 
resting bud, that is, between the period 
of leaf formation and the expansion of the 
bud. Differences in the size of the apex 
occur in T. californica, but they are not 
evident in P. totara which varies in the 
distance between the summit and the 
crown, as might well be expected, during 
the formation of primordia. The crown 
of T. californica is formed during the same 
period and in the same position as that of 
P. totara, and similarly separates the apex 
from the stem, except for the vascular 
tissue. Both in Torreya and Podocarpus, 
and related to the seasonal nature of their 
growth, cataphylls invest the bud with its 
primordia and remain as a collection of 
dry scales at the base of the stem produced 
during the season’s growth. 


The Vegetative Apex of Agathis 
australis 


Agathis australis Salisb. shows some 
periodicity of growth, as a resting period 
is entered in late autumn and growth 
resumed during spring. No distinction 
can be made between lateral and terminal 
buds. At the base of the shoot for the 
current year is a group of dry scales 
comparable to the cataphylls mentioned 
by Korody (1937) for Pinus, Abies and 
Picea and occurring in other conifers such 
as Cryptomeria (Cross, 1941). The apex 
is dome-shaped and it is seldom that more 
than two pairs of primordia are visible, 
at its base. This is because only one pair! 
of leaves matures at a time, the next pair 
remaining as primordia until the actively 
growing pair has almost reached its full 
length. The average height of the apex, 
measured from the axils of the youngest 
pair of primordia, is 107-0u and the 
diameter 260-0 yu. | 

The following zones are found in the 
apex (Figs. 5, 9): (1) the surface layer, 
(2) the apical cells, (3) the flanking zone, 
(4) the pith mother cells, and (5) the pith 
rib meristem. 

The terminology of Griffith (1952) for 
the apex of Araucaria has not been 
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followed, as although there are similarities 
between the two genera, the zones in 
Agathis are more numerous and more 
_ Clearly defined than in the corpus of 
Araucaria. Apart from possessing a dis- 
crete surface layer covering the entire 
apex, zonation in Agathis resembles that 
of other gymnosperms and it will therefore 
be described in similar terms. The posses- 
sion of a discrete surface layer is to be 
regarded as the culmination of a trend 
within the gymnosperms and not as a 
feature setting those genera which possess 
it apart from the rest. A similar idea was 
put forward by Duliot (1890). 

THE SURFACE LAYER — The surface 
layer is discrete over its entire length and 
remains so during the formation of leaf 
primordia. Although the cells at the 
very summit of the apex could be included 
with the surface layer to constitute a 
tunica (cf. Griffith, 1952), they will be 
described as belonging to the apical group 
for reasons which will be given later. The 
cells of the surface layer are small and 
approximately square in section and their 
nuclei large and densely staining. 

THE APICAL CELLS — These average 15 
in number but may be as many as 26 or 
as few as 5 in median longitudinal section. 
There is no constant correlation between 
their number and the size of the apex. 
They include the cells at the surface as 
these are similar to them in appearance 
and although periclinal divisions have not 
_ been observed in such cells, they have been 

seen to be elongated at right angles to the 
_ surface in a number of sections. There is 
. also evidence that they divide anticlinally 
and so contribute to the surface layer. 
The cells of this zone are usually larger 
than those to either side and have larger 
nuclei which stain lightly. The cyto- 
_ plasm also stains lightly. Cell divisions 
at the base of this group are predominantly 
- in a horizontal plane but are irregularly 

oriented at the centre of the group. 
_ THE FLANKING ZONE — The cells cut off 
from the sides of groups two and four 
form the peripheral tissue zone or the 
flanking meristem. Divisions in this zone 
are predominantly anticlinal, leading to 
the formation of rows of cells parallel to 
. the surface. These cells are smaller than 
those from which they are produced and 
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smaller than those of the pith. Their con- 
tents and large nuclei stain fairly densely. 
There are usually three or four rows of 
these cells above the youngest leaf pri- 
mordia and from them are produced the 
inner tissues of the young leaves, the 
vascular strands and other tissues of the 
shoot excluding the epidermis and the 
greater part of the pith. 

THE PırH MOTHER CELLS AND PITH 
Ris MERISTEM — From the base of the 
apical cell group are produced the pith 
mother cells whose walls may be slightly 
thickened. They are often difficult to 
separate from the apical initials, but may, 
at other times, be quite distinct. Where 
they are distinguishable their average 
number is eight in median longitudinal 
section and they tend to be more numerous 
in large individual apices than small ones. 
This numerical relationship to size of apex 
is much more constant than in the case of 
the apical cells. The pith mother cells 
produce the cells of the pith rib meristem 
and from these further files of cells are 
produced by transverse divisions. In 
this way the diameter of the pith is 
increased. As the pith matures, the 
shape of the cells alters from being longi- 
tudinally elongated to horizontally elon- 
gated and certain cells become filled with 
ergastic substances. 

Agathis australis seems to correspond 
more closely to Araucaria excelsa and 
Araucaria cunningham with regard to 
the presence of a second discrete layer 
beneath the surface layer than to Arau- 
caria araucana and Araucarıa bidwillii. 
In none of the first three species is the 
tendency as pronounced as in the last two 
where a third layer may also be present. 
Nevertheless, there are indications of a 
second layer in Agathis which may be 
discrete around the whole apex or broken 
at the summit and discrete over the 
flanks. In Araucaria and Agathis the 
surface layer remains discrete during leaf 
formation. 

The cells of the corpus initials are large 
and lightly-staining in Araucaria (Griffith, 
1952 ) as are the apical initials in Agathıs. 
The pith mother cells of the latter stain 
even more lightly and may have slightly 
thickened walls as do the corpus initials 


of Araucaria bidwillit (Griffith, 1952). 
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In both genera the cells of the peripheral 
zone are small and uniform in size but 
their nuclei are large and stain densely. 
Divisions are predominantly anticlinal. 
Procambium is often visible high into the 
apical cone and is always associated with 
a developing leaf primordium in Agathis 
and those apices of Araucaria spp. featured 
by Griffith. 

In Araucaria there is no interposition 
of a group of highly meristematic cells 
as in Sequoia sempervirens ( Sterling, 1945 ) 
and Pseudotsuga ( Allen, 1947). Such a 
zone is present in Agathis but is not always 
readily distinguishable. The pith rib 
meristem is characteristic in that divisions 
are largely horizontal and cell lineages 
can be traced for some distance. The 
cells are highly vacuolate and the nuclei 
small. Tannins are of frequent occurrence 
in Araucaria as in Agathis. 

It seems that Agathis can be added to 
the list, already containing Araucaria, 
Sciadopitys, Gnetum gnemon and Ephedra 
altissima, of gymnosperms possessing a 
discrete layer over the entire surface. 


Discussion 


The apices of all investigated conifers 
are similar in possessing a surface layer, 
a group of apical cells and a flanking zone. 
Pith mother cells, a pith rib meristem or 
both are usually also present. Here, the 
region at the summit has been included 
with the subapical initials to form the 
apical zone (cf. Johnson, 1944). Taking 
into consideration the large size and 
lightly-staining appearance of the cells 
at the summit which render them similar 
to the cells below, their relationships seem 
to lie with this group rather than with the 
surface layer over the flanks in which the 
cells are smaller and more densely-staining. 

It is thought that the group, here called 
the apical cells, at the summit of the 
apex is self-perpetuating and that its cells 
contribute to the other zones of the apex. 
This zonation is not lost even in those 
species in which the outermost layer shows 
no periclinal divisions, as the cells at the 
summit still act as initials but contribute 
to the surface layer only. Within the 
scope of this investigation, indications are 
that active cell division does occur in those 
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cells occupying the position of the ““ méri- 
stème d’attente”” of Buvat (1952). 

The characteristics of the various zones 
of the apex — staining properties, nuclear 
size, cell shape and size, planes of cell divi- 
sion and character of the cell wall — are 
found to agree, in the five species studied, 
with those described in other gymno- 
sperms. The cells of the surface layer 
are small and densely staining, with large 
nuclei, but their shapes may vary from 
species to species and even in one apex. 
They are, however, usually rectangular 
with the longer side parallel to the surface. 
The apical cells are large and lightly stain- 
ing, with large nuclei and divisions in all 
planes, at least in the centre of the region. 
At the periphery, both on the surface and 
at the base and sides of the group, the 
divisions are predominantly anticlinal or 
periclinal with respect to the boundary 
of the zone. The cells of the flanking zone 
are usually a little larger than those of the 
surface layer bounding them, are rect- 
angular with their longer side parallel to 
the surface, and are densely staining with 
large nuclei. The pith mother cells, when 
present, are large, stain even more lightly 
than the cells of the apical group above 
them, and their nuclei are a little smaller. 
The newly-formed pith cells, especially 
those constituting a rib meristem, are 


vacuolated and lightly-staining with small 


nuclei and little cytoplasm. They tend © 
to occur in files parallel to the long axis 
of the shoot and several daughter cells 
may be enclosed within a mother cell wall. 
The walls of the living pith cells may 
display prominent pitting. 
The size of the apex bears some relation- 
ship to the degree of zonation, so that 
small apices of plants belonging to dif- 
ferent genera are likely to show greater 
resemblances than a small and a large 
apex of genera within a family. Thus Dacry- 
dium resembles certain Taxodiaceae, but 
is quite unlike Podocarpus or Phyllocladus. 


Summary 


The zonation of the apices of the vege- 
tative shoots of five species of New Zea- 
land gymnosperms is described and com- 
pared with that of such gymnosperms 
as have been described previously. 
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MORPHO-HISTOGENIC STUDIES IN VITACEAE — I. 
ORIGIN AND DEVELOPMENT OF THE AXILLARY BUDS 
IN CAYRATIA CARNOSA GAGNEP* 


J. J. SHAH 


Department of Botany, University School of Sciences, Gujarat University, Ahmedabad, India 


The writer on the suggestion of Pro- 
fessor P. Maheshwari of the University 
of Delhi undertook to investigate the 
anatomy and development of the axillary 

buds and tendrils in Vitaceae. Five 
species, 3 of Cissus and 2 of Cayratia were 


investigated. This paper deals with the 
structure of the shoot apex; the early 
ontogeny of the leaf, and the origin, deve- 
lopment and vascularization of the axil- 
lary buds of Cayratia carnosa Gagnep 
( = Vitis trıfolia L.). 


*Part of a thesis submitted in 1956 in partial fulfilment of requirements for the degree of 


4 Ph.D. in the M.S. University of Baroda. 
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Materials and Methods 


The shoot tips were fixed in FAA 
throughout the year, though more mate- 
rial was collected during the period of 
active growth, i.e. during the monsoon 
season. Some material was obtained from 
Bombay through the courtesy of Dr R. 
D. Adatia. Dehydration and infiltration 
were done in the usual way. Fisher’s 
“Tissuemat’’’ was used for imbedding. 
Transverse and longitudinal sections, 8 
to 12 microns thick, were cut and stained 
with Heidenhein’s haematoxylin and saf- 
ranin, safranin and fast green, or safranin 
and anilin blue. 


Observations 


Cayratia carnosa is a scandent tendril 
climber, growing on hedges, walls and 
trees (Fig. 2). It branches vigorously 
during the monsoon season. The leaf is 
petiolate, stipulate and trifoliately com- 
pound, and the leaflets are ovate, serrate 
and hairy. Each tendril arises opposite 
to the leaf at a node, but every third node 
lacks a tendril ( Figs. 1, 2). Two suc- 
. cessive leaf-opposed tendrils are thus on 
the opposite sides of the shoot, but are 
on the same side when separated by a 
tendril-less leaf (Fig. 1). The same 
arrangement occurs in Vitis vinifera 
(Engler & Prantl, 1897). C. carnosa 
lacks the distinction between long and 
short shoots observed in V. vinifera. 
Further, in C. carnosa the lateral branch, 
axillant to the leaf having no opposite 
tendril, behaves differently from that of 
the leaf having an opposite tendril ( Figs. 
2,33% 

SHOOT APEX — The free apex is dome- 
shaped (Figs. 1, 5-8). Its breadth and 
height vary respectively, from 126-0 u to 
211-0 u and from 33-0 to 99-0 u. These 
figures include the foliar and tendrilar 
“ foundations’’ or buttresses, although 
it is difficult to delimit them exactly. 
The apex has three tunica layers (7,-7;) 
and an inner mass of corpus ( Figs. 5-8 ). 
T, invariably divides anticlinally while 7, 
and 7, also divide periclinally, specially 
at points of foliar and tendrilar initiation. 
Owing to regular stratification, the outer- 
most layer of the corpus sometimes 
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Fic. 1 — (ab, “mixed bud”’ of the tendril- 
less leaf; ab,, ‘“‘ vegetative bud ”’ of the tendril- 
opposed leaf; b,-b,, scale primordia of the tendril; 
L,, La, La, Le, Lz, Ly and Ly, tendril-opposed 
leaves; L,, L;, Lg and L,,, tendril-less leaves 
shown with ‘x’ mark; ¢,-t;, branch primordia of 
the tendril; T;-T;;, tendril primordia). L.s. 
terminal bud (reconstructed). X 80. Numerals 
indicate the position of the various primordia 
from the apex. 1-3 show three tunica layers. 


appears as 7, in the centre of the apex. 
The maximum stratification occurs at the 
time of foliar or tendrilar initiation. 
This is more marked in the peripheral 
meristem of the apex. Similar strati- 
fication and a varying number of layers 
of tunica have been reported by Cross 
(1937 ), Reeve ( 1942, 1948 ), and Gifford 
(1950). Millington & Gunckel (1950) 
and Rouffa & Gunckel (1951) have ob- 
served fluctuations in tunica layers in 
Liriodendron tulipifera and in certain 
members of the Rosaceae. But they 
conclude that they are without any cor- 
relation with the plastochron periodicity. 
The corpus is a central mass of undifferen- 
tiated cells, some of which are vacuolated. 
In some shoot apices the tunica and corpus 
cells were much vacuolated. The rib mer- © 
istem is not always very distinct ( Figs. 
6, 7). Another noticeable feature is the 
absence of a typical light-staining central 
meristem zone which has been observed 
in the apices of many angiosperms ( Philip- 
son, 1947; Gifford, 1950, 1954; Girolami, 
1954). In fact, sometimes the shoot apex 


2 


SHAH—MORPHO-HISTOGENIC STUDIES IN VITACEAE 


159 
t br 
< 
inf 
st 
ls ly (à 
N er 
4 


Fics. 2-4— (a, a single prophyll of the “ mixed bud ”’; c, inflorescence; d, stipule or terminal 


vegetative bud ). 


A twig of C. carnosa showing two successive nodes bearing tendrils and leaves, 


followed by a third node bearing only a leaf; note the lateral branch of a tendril-less leaf, developed 


from the ‘‘ mixed bud ”’. 


Figs. 3A-E. (ax, axis of the main shoot; br, inflorescence branches; 


fl, and fl, flowers; if, inflorescence; inf. inflorescence axis; /, axillant leaf; /,, pair of leaves of a 


- lateral branch; ph, prophyll; st, stipule; vg, terminal vegetative bud ). 
branch arising from the axil of a tendril-less leaf (/). 
Fig. 4. ( br, inflorescence branches; inf, inflorescence; /, leaf; st, stipule; ¢, tendril ). 


cence on the axis. 
An abnormal position of the inflorescence. 


shows only two zones, the outer represent- 
ing the mantle, and the inner the paren- 
chymatous core ( Fig. 7). The shoot apex 
also differs from that of Cissus ( unpub- 
lished observations ) in the absence of any 
marked variation in its form during 
plastochron periodicity, for the primordia 
usually arise down the basal region of the 
apical dome (Fig. 7). Moreover they 
never arch over it (Fig. 1). 

EARLY ONTOGENY OF THE LEAF — The 
shoot apex is at the maximal area phase 
with distinct stratification of tunica and 
corpus at the time of foliar initiation 
_ (Figs. 5-7). Periclinal divisions in a few 

basal cells of T, and T; of the apical peri- 
pheral meristem initiate the foliar pri- 
mordium ( Figs. 7, 9-12, 14). Sometimes 
such divisions occur first in 7, followed by 
divisions in 7,. Occasionally periclinal 
divisions in T, may be delayed and in its 
early stages the lateral protrusion of a 
- foliar primordium may be formed due to 
the activity of 7, and the inner corpus 
cells (Fig. 12). 7, by anticlinal divisions 
forms the protoderm. The leaf trace 


Figs. A-C. Lateral 
Figs. D-E. Varying position of the inflores- 


procambium is not observed at this stage 
but appears at the time of foliar initiation 
in the lateral branch (Fig. 13). Vertical 
growth takes place by the activity of one 
or two sub-apical initials (Fig. 16). A 
single large cell (pi) is occasionally present, 
probably functioning as the protodermal 
initial (Fig. 16). 

AXILLARY Bups — Two types of axil- 
lary buds are distinguished. The first, 
hereafter referred to as the ‘ mixed bud ”, 
is associated with a leaf having no tendril 
opposite to it (Fig. 1). It develops at a 
rapid and vigorous rate. The second, 
referred to as the “ vegetative bud ’’, lies 
in the axil of a leaf having an opposite 
tendril (Fig. 1). Such buds have a slow 
development. In the flowering season, 
the apex of the “‘ mixed bud”’ after pro- 
ducing a prophyll and a pair of vegetative 
leaves is distinguished into two parts; one 
which develops into a vegetative branch 
and another which rapidly develops in- 
to an inflorescence ( Figs, 2,3). In sum- 
mer, the ““ mixed bud ” behaves as a vege- 
tative bud. The “ vegetative bud ”, if it 
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Fics. 9-16 — The initiation and vertical growth of the foliar primordium. Arrow parallel 
to the surface layer points towards the shoot apex. Peripherally stippled cells are stained dark 
brown (a, foliar primordium; 6, bud meristem; c, tendril primordium; d, periclinal divisions in 
T,; ab, abaxial side; pc, procambium; pi, protodermal initial; sa, subapical initials). Fig. 9. Les. 
sector of shoot apex. x 475. Fig. 10. L.s. part of terminal bud. x 375. Figs. 11,12. L.s. sector 
of shoot apex. x 475. Fig. 13. First foliar initiation in the “ mixed bud". x 475. Figs. 14-16. 
Foliar primordium. x 475. 
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develops, usually forms a vegetative 
lateral branch. 

ORIGIN AND DEVELOPMENT OF THE 
VEGETATIVE Bubp — The initiation of the 
bud occurs with foliar initiation. In 
Fig. 6, just above the site of leaf initiation 
() periclinal divisions have occurred 
in the upper four cells of T,. Probably 
all or some of them will later initiate the 
bud meristem. Figure 9 illustrates this 
development more clearly. Three narrow 
columnar cells of T, below arrow 1 with 
the T, and T; cells above and below them 
constitute the initial bud meristem relat- 
ed to the foliar primordium below. The 
columnar narrow cells of 7, make it possible 
to identify the bud meristem at this stage. 
Arrow 2 indicates the bud meristem of the 
lower leaf (not shownin Fig.9). Figures 
15 (at b) and 17 show the next stage. The 
characteristic ‘“ shell zone ’’ ( Gifford, 1951; 
Esau, 1953 ) is formed by active anticlinal 
divisions in 7, and7,. The bud meristem 
thus originates from the peripheral meri- 


‚stem towards the adaxial side of the leaf 


primordium. Axillary buds in Pereskia 
also arise from the flank zone of the apical 
meristem ( Boke, 1954). The T, cells of 
the peripheral meristem are mostly instru- 
mental in the early stages of initiation 
of the bud meristem. The earlier axial 
position of the bud later becomes axillary. 
Figures 19 and 20 show that the bud meri- 
stem is later enlarged by anticlinal and 
periclinal divisions of the cells below 7, 
and7,. The protrusion and further deve- 
lopment of the bud meristem occur con- 
siderably later far below the apex ( Figs. 
21, 22). It appears that the 7, layer 
develops later and probably has its origin 
112%: 

PROCAMBIAL INITIATION — The bud in 
its early stage is an isolated nest of meri- 
stematic cells without any procambial 
connection with the parent axis ( Figs. 
17-20). Procambial differentiation occurs 
acropetally and before the bud has pro- 
duced a prophyll (Fig. 21). 

THE ORIGIN OF THE “ MIXED Bup ” — 
The “ mixed bud”’ develops in the axil 
of a tendril-less leaf; but in one instance 
it was found in a tendril-opposed leaf. 
Simultaneously with the origin of the 
foliar primordium, the adjacent T, cells 
of the peripheral meristem actively divide 
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anticlinally ( Fig. 7, ab, ). This is followed 
by periclinal and anticlinal divisions in T3. 
and its adjacent corpus cells ( Fig. 10, 0). 
Sometimes 7, instead of 7, cells may 
divide actively. Later the lower corpus 
cells also divide and sometimes several 
rows of elongated cells form the “ shell 
zone ”” (Fig. 23). The cells of the lower 
ground meristem may also divide tangen- 
tially to augment the bud tissue ( Fig. 
24). The bud apex then becomes round- 
ed and protrudes out (Fig. 25). A 
regular layering of cells is seen in a well 
developed bud (Fig. 26). Another fea- 
ture is the presence of two large T, cells 
in the bud apex; probably they act as 
initials ( Fig. 26). 

PROCAMBIAL INITIATION — Procambial 
differentiation is similar to that of the 
“vegetative bud ’ (Fig. 27). The lower 
procambium cells (fc) of the axial strand 
are typically elongated, while the upper 
ones with mitotic figures may as yet be 
in earlier stages of procambial differentia- 
tion ( Fig. 27). The latter are vacuolated 
ground cells resuming mitosis and cyto- 
kinesis. The corpus cells marked ‘x’ 
( Fig. 27) are vacuolated and probably 
represent precursors of procambium cells. 
The bud has not yet produced any lateral 
appendage. 

FURTHER DEVELOPMENT OF THE “‘ MIx- 
ED Bun’ — After the formation of a 
prophyll ( Figs. 28, 29 ) two leaf primordia 
usually arise simultaneously one from each 
of the two opposite flanks of the bud apex. 
Foliar initiation is similar to that des- 
cribed in an earlier section. A bud meri- 
stem is present in the axil of these foliar 
primordia and prophyll (Figs. 33, 34, 
41,61). Nowa significant change occurs 
in the organizational activity of the bud 
apex which becomes distinguished into 
two sectors: the one near the prophyll 
continues as a vegetative apex, while the 
other, away from the prophyll and to- 
wards the axillant leaf, becomes an in- 
florescence apex ( Figs. 2, 3A, 3C, 28-30, 
54). In the initial stage of this develop- 
ment (Figs. 28, 31), a small group of 
vacuolated cells, especially of the upper 
three layers, delimits the two unequal 
sectors of the apex ( cells below the arrow 
in Fig. 31). Later, in this region the 
cells of T, show some dark-staining con: 
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; Fics. 17-26 — (L, axillant leaf; Lx, axillant tendril-less leaf; pc, procambium ). 
Various developmental stages of the “ vegetative bud’. x 4 
apex. Peripheral stippling and black dots show 
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Figs. 17-20. 
75. Figs. 21, 22. L.s. vegetative bud 
dark brown staining cells. Fig. 21. x 475. 


Fig. 22. x 375. Figs. 23-26. Various developmental stages of the ‘ mixed bud ’. x 475. 


tents (Fig. 29). A small apical bulge 
appears at the left of the arrow ( Fig. 31 ) 
owing to divisions in cells of subsurface 
layers. It later transforms into an in- 
florescence apex (Fig. 29). Figures 33 
and 34 represent the reproductive and 


vegetative portions of the bud on a large 
scale than in Fig. 29. The two apices 
at this stage are essentially similar in their 
structural organization. In the next stage 
of the transformative process, the re- 
productive apex shows an organizational 
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Fics. 27-31 — (a,, vacuolated depressed area; /, a pair of foliar primordia; /x, tendril-less 
axillant leaf; pc, procambium; pr, prophyll; vp, reproductive apex; vg, vegetative apex; prophyll 


not shown in Fig. 28). 


29. x 62. Figs. 30A, B. x 67. 
pattern which indicates a marked change 
from the vegetative apex. It consists of 
three zones ( Fig. 35) : 

1. Zone a, a small group of tunica cells 
at the top. It is more vacuolated 
than zone b and less than c, 

2. Zone b, the peripheral meristem, 

3. Zone c, a mass of vacuolated cells. 
T, and T, lose their distinct identity at 
this stage (Fig. 35). 

The next stage of development is shown 
in Fig. 38. Zone a is enlarged and its 
cells appear dark brown. Later the apex 


Fig. 27. L.s. “ mixed bud ”. 
origin and development of the inflorescence and vegetative apices from the “ mixed bud ”’. 
Fig. 31. Apical portion of Fig. 28 magnified. x 475. 


x 475. Figs. 28-30B. Various stages of 


Figs. 28, 


appears to divide into two (Fig. 39). 
No meristematic activity is present in the 
region of zone a which forms a depression. 
The two flanks on either side bulge out 
due to rapid growth and form the two 
primordia of the inflorescence branches 
(Fig. 39), one of which again divides 
in a similar manner (Fig. 32). Figure 
40 illustrates the primordium of one of 
the inflorescence branches. The heavily 
drawn line demarcates the outer densely 
staining mantle from the ihner vacuolat- 
ed parenchymatous core. Sometimes in 
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Fics. 32-37 — Fig. 32. (if, three primordia of inflorescence branches; vp, inflorescence axis ). 
More advanced stage than Fig. 30B. x 62. Figs. 33, 34. (a and 6, bud meristem of right and left 
oliar primordia; /, rig AL i i i i 9, drawn from two 
adjacent secti SUIS cti : : a ou eli 
the three zones a, band c. Peripheral stippling indicates cells with dark brown contents. Fig. 36. 
(ab, axillary bud; br, bract-like scale; pr, prophyll). L.s. terminal part of of the tendril. x 67. 
Fig. 37. Axillary bud of Fig. 36 magnified. x 375. 
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Fics. 38-43 — Fig. 38. L.s. reproductive apex. x 375. Heavy line delimits the vacuolated 
zone a of small cells. Fig. 39. L.s. bifurcating reproductive apex. x 375. Fig. 40. ( pc, procambium ). 
L.s. one of the three apices of inflorescence branch. Heavy line delimits the outer mantle from 
inner parenchymatous core. x 375. Fig. 41. (ax, stem axis; /, a pair of leaves; /x, axillant leaf; 
yp, reproductive apex; vg, vegetative apex ). L.s. ‘“ mixed bud” showing the axillary bud (solid 
black) of the prophyll. x 62. Fig. 42. (pe, axial procambial strand developing acropetally ). 
L.s. prophyll bud. x 475. Fig. 43. T.s. prophyll bud meristem. x 475. 
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an inflorescence there is a flower in the 
centre surrounded by three inflorescence 
branches. 

After the origin of the inflorescence, 
the vegetative part of the apex of the 
“mixed bud” forms a lateral branch 
(Fig. 32). 
an interesting and unusual case of the 
presence of a bud in the axil of a scale 
in the terminal part of the tendril. 

THE BUD oF THE PROPHYLL — This 
remains dormant in the meristematic stage 
(Figs. 41, 61). Its general structure is 
similar to that of the vegetative bud. 
The early procambial development occurs 
in an acropetal manner ( Fig. 42). Some 
of the axial ground meristem cells of the 
“mixed bud ” also divide and appear to 
augment the meristem of the prophyll bud 
(Fig. 43 ). 

VASCULARIZATION OF THE ‘‘ VEGETA- 
TIVE Bup ”’ — Figures 44-48 illustrate the 
vascular relation of the vegetative bud 
with the axial stele. As the development 
of the vegetative bud is very slow, only 
very early stages have been observed. 
The illustrated bud has one prophyll. 
The vascular meristem in the bud appears 
ring-like (Fig. 46) and when traced fur- 
ther, it “opens’’ up towards the axial 
stele forming a loop ( Fig. 48). The trace 

at this stage is an arc of vascular meristem 
probably consisting of the residual meri- 
stem cells. While merging with the axial 
stele, it is not clearly distinguished into 
any procambial strand. 
_ VASCULARIZATION OF THE ‘ MIXED 
Bup ’” — It is difficult to distinguish the 
nature of the bud trace ( Figs. 49-51) in 
a transection of a young bud. The trace 
at this stage appears to consist of the 
residual meristem (Fig. 51). A single 
bud trace is observed in a bud with one 
prophyll, though it appears as if there are 
two ( Figs. 52, 53). While merging with 
the axial stele, the bud trace becomes 
semicircular (Fig. 53). It is considered 
to be of the residual meristem cells as no 
procambium strands are observed. The 
branch and leaf gaps do not appear to be 
common. 

Figures 54-57 indicate in transection 
the position of the reproductive and vege- 
tative axes of the “mixed bud ” and the 
vascular relation with the parent axis. 
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At this stage the prophyll has a single 
median trace. Further observations in 
an older bud show the presence of a 
lateral trace. The two traces unite and 
close the prophyll gap. The vascular 
meristem of the common axis, i.e. of the 
“mixed bud”’, appears ring-like (Fig. 
55). As it approaches the axial stele, 
it becomes elongated and loop-like ( Fig. 
56). The semicircular trace closes the 
branch gap. It consists of four procam- 
bial strands connected by residual meri- 
stem (Fig. 57). In the older stages the 
bud trace while merging with the axial 
stele consists of a few procambial strands 
and interfascicular tissue. 

Figures 58-66 show the vascular relation 
of the “mixed bud” at its advanced 
development. The stele in the vegetative 
and the reproductive axes is a closed ring 
except at the gaps ( Fig. 58). When the 
two axes fuse to form a common axis, the 
two steles remain separate for some length 
(Figs. 59, 60). If traced further, they 
“open” towards each other and join 
to form a common ring-shaped stele 
( Figs. 60, 61). The pattern of merging 
of the axial and branch stele remains the 
same (Figs. 62-66). The trace at this 
stage is distinguished by a number of 
developing vascular bundles ( Fig. 66). 


Discussion 


ONTOGENY — Cayratia carnosa shows 
two types of buds, the ‘mixed bud ” and 
the “ vegetative bud’’. Both arise from 
the peripheral meristem of the shoot apex 
towards the adaxial side of a leaf pri- 
mordium and their initiation more or less 
synchronises with foliar initiation. In 
most investigated angiosperms, the vege- 
tative bud meristem is discernible two 
or more plastochrons below the apex 
(Majumdar & Datta, 1946; Esau, 1953; 
Kundu & Rao, 1954a, 1954b; Garrison, 
1955; White, 1955; Sussex, 1955). The 
T, cells of the peripheral meristem are 
mostly instrumental in the early stages of 
initiation of the bud meristem. This 
activity precedes the formation of the 
“shell zone”. In Drimys winteri var. 
chilensis the cells of T, and peripheral zone 
of the corpus at the fourth or fifth leaf pri- 
mordium form the “ shell zone ” ( Gifford, 


Fics. 44-48. 
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Fics. 49-57 — (ab, “ mixed bud ”’; ax, “ mixed bud ”’ axis; ax,, shoot axis; abp, prophyll bud; 
bg, branch gap; g, lateral leaf gap; /f leaf; ph, prophyll; pr, vascular ring; vax, reproductive axis; 
st, stipule; sit, lateral leaf trace; v, axial vascular strands; vax, vegetative axis; x, procambial strands 
of bud trace). Fig. 49. T.s. shoot axis passing through a young “ mixed bud ”. x 119. Figs. 50, 
51. (?, pith; pr, part of axial vascular ring; s, darkly staining cells). Merging of the trace at the 
axial node. x 295. Figs. 52, 53. T.s. axial node passing through “ mixed bud ”. Cross marks in 
Fig. 53 indicate developing procambial strands. Fig. 52. x 71. Fig. 53. x 119. Figs. 54-57. 
Serial transections from the terminal region of the ‘‘ mixed bud ” to the axial node. x 190. 
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Fics. 44-48 — (ab, prophyll bud meristem; abx, “ vegetative bud ” apex; ax,, shoot axis: g, 
branch gap; /f, axillant leaf; ph, prophyll; pr, vascular ring; st, stipule: stf, lateral leaf trace: v, 
vacuolated region). Serial transections from the apex of the “ vegetative bud” to the parent 


axis. X 222. 
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Fics. 58-63 — Serial transections from the terminal region of the vegetative and the reproduc- 
tive branches of the ‘‘ mixed bud ’”’ to the parent axis. x 71. Figs. 58, 59. (fl, flowers; /f, leaf; 
vax, inflorescence axis; py, vascular tissue; si, stipules; ¢, tendril; vax, vegetative axis). Fig. 58. 
T.s. “ mixed bud ”, showing a pair of leaves and stipules. The inflorescence axis with flowers 
unites with the vegetative axis. Fig. 59. T.s. common axis of “ mixed bud’’. The two vascular 
rings each of the inflorescence and the vegetative are separate. Fig. 60. (g, lateral leaf gap; stt, 
lateral leaf trace). Note common vascular ring ax formed by vax and vax. Figs. 61-63. ( abh, bud; 
ax,, shoot axis; ph, prophyll; pr, vascular ring of prophyll bud; pf, prophyll trace). T.s. ‘‘ mixed 
bud ” axis ax passing through prophyll and its bud. 


1951). Miller & Wetmore ( 1946), Garri- tunica and corpus in the formation of early 
son (1949a, 1949b, 1955), Kundu & bud meristem. In Boehmeria (Kundu & 
Rao (1954a, 1954b ) and White (1955) Rao, 1957), the “‘ meristematic cells in 
made no reference to the contribution of the second layer of the leaf primordium 
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Fics. 64-66 — Serial transections of the axial node, passing through “ mixed bud ”’, in con- 
tinuation from Figs. 58-63. x 83. Fig. 64. ax, vascular ring of “mixed bud ”’ axis; ax,, shoot 
axis with vascular strands. Fig. 65. Semicircular bud trace at gap, g,. Fig. 66. Vascular strands 
of the bud trace are cross-marked. Note lateral leaf gap g. 
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initiate the bud’. How early the axillary 
bud meristem becomes discernible probably 
depends upon the rate of development of 
the apex ( White, 1955). In C. carnosa 
it appears that the bud meristem is 
discernible in the first leaf probably 
because the rate of bud development is 
rapid and that of the apex is slow. It can 
as well be said that there is a notable time- 
lag between the two consecutive plasto- 
chrons. But if the “mixed bud” is 
considered to be of a reproductive nature 
then its origin agrees with the observation 
of Philipson (1948) that “‘ flowering- 
branch buds develop much earlier than 
vegetative buds’’. But the origin of the 
vegetative buds in C. carnosa is not later 
than that of the “ mixed bud”’. In fact 
both types of buds are of similar origin. 
Hence it is difficult to conclude that 
flowering-branch buds have an earlier 
origin. 

Mıxep Bup — The “ mixed bud”’ de- 
serves a special comment. Its develop- 
mental behaviour during the reproductive 
phase of the plant is of considerable 
interest. It also appears to be related 
to its position, i.e. the tendril is absent 
opposite the axillant leaf (additional 
pertinent information on the origin and 
development of the tendril will be pub- 
lished later ). Usually after the initiation 
of a pair of foliar primordia the inflores- 
cence arises from the part of the bud apex 
which is away from the prophyll and 
towards the axillant leaf. The rest of the 
bud apex continues as vegetative. In 
some cases the entire apex becomes re- 
productive or the vegetative part of the 
common apex transforms into a second 
inflorescence branch. The origin of the 
reproductive apex from the common apex 


of the ‘“ mixed bud ” should be considered \ 


as extra-axillary rather than the result of 
dichotomy (Sifton, 1944). 

Initially there are no essential structural 
differences between the vegetative and 
the reproductive apices of the ‘‘ mixed 
bud” (Kasapligil, 1951). The trans- 
formative changes that occur later in the 
reproductive apex are comparable with 
those of Amygdalus ( Brooks, 1940). The 
reproductive apex in C. carnosa at a later 
stage shows three zones. Whether its 
zone a represents the central initiation 
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zone of the typical angiosperm apex is 
doubtful because its vacuolated and light- 
staining nature is probably due to the 
cessation of activity which precedes the 
branching of the apex at that region. 
According to Philipson ( 1947, 1949 ) this 
zone of a typical vegetative apex loses its 
identity in its reproductive transforma- 
tion. Vaughan & Jones ( 1953 ) however 
claim to have reported for the first time 
the persistence of that zone in the in- 
florescence apex of some species of Cruci- 
ferae. The structural variations observed 
in the reproductive transformation of the 
vegetative apex may be a reflection of 
its acceptance of the new and rejection 
of certain old growth patterns, some of 
which are perhaps controlled by growth 
regulators. 

Bup TRACES AND PROPHYLL — The 
presence of a single prophyll in the axillary 
bud of C. carnosa is an uncommon feature 
in dicotyledons but common in monocoty- 
ledons ( Esau, 1953). The primary vas- 
cular supply to lateral branches is usually 
in the form of two bundles or strands, 
known as branch traces (Eames & Mac- 
Daniels, 1947; Esau, 1953). In C. carnosa 
there is a single bud trace and its form 
in a transection is typical (Eames & 
MacDaniels, 1947). In its early stage, 
the bud trace, specially of the “‘ mixed 
bud ”, appears to be an arc of vascular 
meristem. In the successively older nodes, © 
it consists of a number of vascular bundles 
whose number varies, depending upon the 
developmental stage of the bud. From 
the perusal of the available literature on 
the bud trace ( Miller & Wetmore, 1946; 
Garrison, 1949a, 1949b, 1955; Mitra, 1952; : 
Kundu & Rao, 1954a, 1954b ), it is evident | 
that the ontogeny of the bud trace and 
its relation with the axial stele in the 
young and old nodes of a shoot requires 
detailed investigation in plants. 

POSITION OF  PROPHYLL — Recently 
White (1955 ) has discussed the orienta- 
tion of prophyll and leaf primordia in the 
bud. As reported in many plants ( Esau, 
1953; White, 1955) a pair of prophylls is 
always oriented at right angles to the leaf 
axil and a single prophyll lies adaxial 
to the axillary shoot. The single prophyll 
in C. carnosa, however, is not truly adaxial 
to the, axillary shoot. 
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Summary 


The shoot apex of C. carnosa is dome- 
shaped with three tunica layers and an 
inner mass of corpus without a central 
light-staining zone. 

The foliar initiation occurs in three well 
marked stages; stratification of the peri- 
pheral meristem, periclinal divisions in 7, 
and then in 7,. 

The origin, development and vascular- 
ization of the axillary bud were studied. 
Each tendril arises opposite the leaf at a 
node, but every third node lacks a tendril. 
The axillant leaf of the latter type has a 
bud called a ‘ mixed bud’’, while the 
bud axillant to the other leaves is called 
a “vegetative bud ”. 

The initiation of the bud begins almost 
with the visible foliar initiation. The T, 
cells of the peripheral meristem, lying 
adaxially to the developing foliar pri- 
mordium, initiate the formation of 
early bud meristem. The development 
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of the procambium in the bud is acro- 
petal. 

The “mixed bud”’ in the flowering 
season first produces a prophyll and a pair 
of foliar primordia. Immediately after, 
the part of the apical meristem near the 
prophyll continues as a vegetative apex 
and the part near the axillant leaf trans- 
forms into an inflorescence apex. The 
transformative changes from the vegeta- 
tive to the reproductive phase of the apex 
are described. 

There is a single bud trace. The compo- 
sition of the bud trace of the ‘“ mixed 
bud ” varies in the young and old nodes. 

I am deeply grateful to Professor P. 
Maheshwari, for suggesting the problem 
and for much additional help and guidance. 
My thanks are also due to Professor A. R. 
Chavan, of the M. S. University of Baroda, 
for his guidance and help; to Dr .V. I. 
Cheadle of the University of California 
and to Dr G. C. Mitra of the University of 
Delhi for kind criticisms of the manuscript. 
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EMBRYOLOGY OF ACALYPHA LINN.* 


R. N. KAPIL 
Department of Botany, University of Delhi, Delhi 6, India 


The genus Acalypha presents consider- 
able variations in the development and 
organization of the embryo sac, and 
Johri & Kapil (1953) have already 
reviewed the previous literature. Since 
then two other papers have appeared, one 
on A. ciliata ( Kajale & Murthy, 1954) 
and the other on A. malabarica ( Mukher- 
jee, 1958) describing the Acalypha in- 
dica and Penaea types of embryo sac 
respectively. The following account deals 
with the embryology of A. brachystachya 
Hornem. The structure of the seed and 
fruit has also been studied in A. alni- 
folia Klein ex Willd. 


Materials and Methods 


The material of A. brachystachya was 
collected by me during a botanical ex- 
cursion to Mussoorie Hills in September, 


_ *Part of Ph.D. thesis entitled ‘‘ Mor 
biaceae together with a discussion on th 
University of Delhi. 


1954, and that of A. alnifolia by my 
colleague Dr H. Y. Mohan Ram from 
Coimbatore ( South India) in June, 1956. 
Formalin-acetic-alcohol was used as a 
fixative and subsequently the materials 
were stored in 70 per cent alcohol. A. 


brachystachya is an annual herb with hairy ! 


stem and membranous leaves with long 
petioles; A. alnifolia is a small shrub with 
petioles not more than half the length of 
the lamina. 

Some of the findings presented here are 
based on the dissections of ovaries and 
ovules. The vascular supply of the ovules 
was studied by clearing them in five per 


cent potassium hydroxide and staining 


with safranin. 

The seeds were softened in 20 per cent 
hydrofluoric acid (diluted in 70 per cent 
ethyl alcohol) for one to three weeks. 
The softened material was thoroughly 


Phological and embryological studies in the Euphor- 
€ systematic position of the family ”, approved by the 


of compound biparous cymes. 


three large bracts. 
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washed with 70 per cent ethyl alcohol and 
dehydrated in tertiary butyl-ethyl alcohol 
series to prevent hardening. In some 
instances the seed coat was removed before 
processing the material. Sections were 
cut 5 to 13 microns thick and stained 
either with safranin and fast green or 
with iron-haematoxylin. In the latter a 
counter stain of fast green helped to bring 
out the cell walls. 


Observations 


INFLORESCENCE AND FLOWER — In A. 
brachystachya the primary inflorescence is 
a spike and bears one, two or three 
secondary cymose inflorescences at each 
node (Fig. 1). Each secondary in- 
florescence ( Figs. 2, 3) is subtended by 
Its central axis is 


Floral 


Fics. 1-11 — Acalypha brachystachya. 
morphology. Fig. 1. A spike bearing clusters 


Fig. 2. 
HE: 
Os 


x +: 
Single cyme (diagrammatic el 
Same, showing arrangement of flowers. 


Fig. 4. Male inflorescence. x 24. Fig. 5. Female 


1 


and side views. 


flower. x 6. Fig. 6. Mature fruit. x 6. Figs. 7, 
8. Young and old uni-ovulate flowers. x 6. 


- Fig. 9. Bicarpellary ovary (abnormal condition). 


x 6. Figs. 10, 11. Carunculate seeds, surface 
8. 
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terminated by a female flower and one of 
the lateral branches also bears a young 
female flower. The longer branch, how- 
ever, shows a cluster of male flowers at its 
apex (Fig. 3) or sometimes laterally 
(Fig. 2). Figure 4 is an enlarged view of 
the arrangement of male flowers. The 
male inflorescence generally falls off early 
leaving only the female flowers on the 
spike or the inflorescence may be replaced 
by a female flower. 

In the bud condition the minute male 
flowers appear as four-lobed structures. 
They are ebracteate and apetalous but 
have four pubescent sepals (Fig. 4). 
The androecium consists of eight stamens 
each having a short filament and long 
anthers which become coiled at maturity. 
Like A. indica ( Johri & Kapil, 1953 ), the 
connective protrudes prominently beyond 
the anther lobes. 

Apart from the normal tricarpellary 
flowers ( Figs. 5, 6) the spikes end in uni- 
ovulate flowers ( Figs. 7, 8). Figure 9 
represents a bicarpellary ovary which is 
an abnormal condition. 

MICROSPORANGIUM — The structure of 
the anther is more or less similar to that of 
A. indica (see Johri & Kapil, 1953). The 
mature pollen sac shows four wall layers — 
the epidermis, fibrous endothecium, middle 
layer, and glandular tapetum. The 
tapetal nuclei undergo mitotic divisions 
and the cells become two or three-nucleate. 

MICROSPOROGENESIS AND MALE GAME- 
TOPHYTE — The microspore mother cells 
undergo simultaneous reduction divisions. 
Ten bivalents! were noticed during meta- 
phase I. During anaphase I the distri- 
bution of the chromosomes is quite regular 
but sometimes eleven chromosomes may 
be present on one pole and nine on the 
other. Cytokinesis takes place by fur- 
rowing and the microspores are arranged 
in tetrahedral, isobilateral or decussate 
fashion. The young microspore becomes 


1. The basic number of chromosomes for the 
genus Acalypha is x = 7 ( Darlington & Wylie, 
1955). According to Perry (1943) A. wilke- 
siana var. musaica shows the highest number 
(2n = ca 224) so far observed in the Euphor- 
biaceae. The diploid number in A. osivyaefolia, 
A. virginica, A. wilkesiana var. triumphans and 
A. hispida is 14, 28, 28 and 112 respectively. 
The haploid number in A. fallax is reported to 
be 21 ( Banerji, 1949). 
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spherical and acquires an intine and an 
exine. The development of the male 
gametophyte is similar to that of Acalypha 
indica (Johri & Kapil, 1953). The 
mature pollen grain is 3-celled at the time 
of shedding. 

OvuLE — As usual, each locule of the 
ovary contains a single ovule ( Fig. 12). 
The initials of both the integuments can 
be identified almost simultaneously 
( Figs. 13, 14) with the differentiation of 
the megaspore mother cell. The outer 
integument grows faster than the inner 
( Figs. 15-17) as is also the case in A. 
indica (Maheshwari & Johri, 1941), 
A. ciliata ( Kajale & Murthy, 1954) and 
A. malabarica (Mukherjee, 1958). In 


Fics. 12-19 — Acalypha brachystachya. Ovary 
and ovule (ii, inner integument; ub, nucellar 
beak ; ob, obturator; oi, outer integument ). 
Fig. 12. L.s. carpel showing one ovule in each 
locule; the ovules are at the megaspore mother 
cell stage. x 95. Figs. 13-17. L.s. ovules at 
different stages of development. x 185. Fig. 18. 
Longisection of upper portion of ovule showing 
the disposition of obturator. x 343. Fig. 19. 
Same, the section is at right angle to the broad 
surface of the ovule. x 185. 
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A. lanceolata ( Thathachar, 1952) it is the 
outer integument which develops first, 
but in A. fallax ( Banerji, 1949 ) the inner 
integument precedes the outer. The de- 
velopment of ovules in the uni-ovulate 
as well as the tri-ovulate ovaries follows 
the same course, 

The placental obturator consists of 
elongated, vacuolate, parenchymatous . 
cells and projects into the micropyle 
completely covering the nucellar beak 
( Figs. 18, 19). 

MEGASPOROGENESIS AND FEMALE GAME- 
TOPHYTE — The hypodermal archesporial 
cell cuts off a parietal cell ( Figs. 20, 21) 
which divides repeatedly forming a 
massive tissue. The deep-seated mega- 
spore mother cell enlarges considerably 
( Fig. 22) and meiosis I and II are not 
followed by wall formation ( Figs. 23-26 ). 
Subsequent to the appearance of a central 
vacuole, the four megaspore nuclei assume 
a cruciform arrangement (Fig. 27). 
Each nucleus now divides twice resulting 
in a 16-nucleate gametophyte ( Figs. 28, 
30). Figure 29 represents an unusual 8- 
nucleate embryo sac with four nuclei at 
each pole. 

During organization of the embryo sac, 
three nuclei in each quartet form the egg 
apparatus (Fig. 31) while the fourth mi- 
grates to the centre where they fuse form- 
ing a large, lobed secondary nucleus ( Fig. 
32 ). Only the egg of the micropylar group: 
is functional and is larger than the eggs 
of the other three groups ( Fig. 32). 

FERTILIZATION — Even before fertiliza- 
tion, except the micropylar, the remain- 
ing three groups degenerate but their 
remnants may persist until the division of. 
the primary endosperm nucleus ( Figs. 33- 
36). Stages in double fertilization were 
observed in a number of embryo sacs but 
I did not come across a single instance of 
fertilization of the egg of the lateral or 
chalazal group. 

ENDOSPERM — The pentaploid primary 
endosperm nucleus ( Figs. 33-35) divides 
earlier than the zygote ( Figs. 35-37); and 
the daughter nuclei move to the poles of 
the embryo sac. Both the nuclei divide 
thrice so that 16 nuclei are produc- 
ed ( Figs. 38-43). Some of them aggre- 
gate around the proembryo and some at 
the chalazal end, while the rest occupy 
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-32 — Acalypha brachystachya. Megasporogenesis and female gametophyte. Fig. 
20 ee ue en aad parietal cells. x 856. Fig..21. Same, advanced nee 
x 856. Figs. 22-24. Megaspore mother cells; Meiosis I — early prophase, metaphase and ae = 
respectively. x 1075. Figs. 25-27. Four-nucleate coenomegaspores. x 1075. Figs. 28-30. | de 
and sixteen-nucleate stages. x 1075. Figs. 31, 32. Mature embryo sacs — Penaea type. x : 


4l 


Fics. 33-43 — Acalypha brachystachya. Endosperm (hy, hypostase; ii, inner integument; 
nb, nucellar beak; ob, obturator; oi, outer integument; vs, vascular supply). Fig. 33. Outline 
diagram for Fig. 35. x 165. Fig. 34. Embryo sac showing zygote and primary endosperm 
nucleus; degenerated remnants of the peripheral groups are also seen. x 748. Figs. 35, 36. 
Primary endosperm nucleus in prophase and metaphase respectively. x 748. Figs. 37-42. Two, 
four and eight-nucleate endosperms; in Fig. 40 the proembryo is two-celled whereas in Fig. 41 


the division of the zygote has not yet been completed. x 748. Fig. 43. Sixteen-nucleate endo- 
sperm. X 748. 
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peripheral positions. Wall formation is ini- 
tiated at the globular stage of the pro- 
embryo and eventually the entire endo- 
sperm becomes cellular ( Figs. 44-52). In 
a few instances the endosperm cells at the 
chalazal end contained hypertrophied 
nuclei ( Fig. 45). At maturity the endo- 
sperm shows the presence of fat globules 
(Fig. 52). 


End- 
Fig. 
44. Embryo sac showing globular proembryo and 


Fies. 44-52 — Acalypha brachystachya. 
osperm (emb, embryo; end, endosperm ). 


cellular endosperm (diagrammatic). x 74. 
Fig. 45. Chalazal portion of the endosperm, 
marked A in Fig. 44, note polyploid nuclei in 
some cells. x 251. Fig. 46. Same as Fig. 44, 
advanced stage (diagrammatic ). x 74. Fig. 47. 
Magnified view of the portion marked B in 
Fig. 46. x 251. Figs. 48-50. Further stages in 
the development of endosperm and embryo 
(diagrammatic ). x 74. Fig. 51. Portion mark- 
ed C enlarged from Fig. 50. x 251. Fig. 52. 
Part of endosperm tissue from a mature seed. 


po 251. 


Empryo—The zygote (Fig. 53) 
divides by a transverse wall (Fig. 54) 
giving rise to the basal (cb) and apical 
(ca) cells. The former undergoes another 
transverse division (Figs. 55, 57-60) 
forming the cells m and ci. Generally ci 
divides vertically (Figs. 59, 64-66, 68), 
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sometimes obliquely (Figs. 60, 67) or 
transversely ( Figs. 63, 69 ) resulting in the 
tiers n and n’ (Fig. 56). The tiers # and 
n' undergo irregular divisions ( Figs. 70- 
73) and form a multicellular suspensor. 
Its cells sometimes show a lobed outline 
( Figs. 65, 70). 

In A. lanceolata (Thathachar, 1952) 
the tier m is not formed at all, while in 
A. indica (Johri & Kapil, 1953) its 
presence is not constant. When present, 
it partly contributes to the suspensor. 
In A. brachystachya the tier m is invariably 
formed ( Figs. 55-73) and usually under- 
goes a vertical ( Figs. 56, 62, 63, 67, 70), 
sometimes transverse (Figs. 61, 66) 
division and these derivatives produce the 
hypophysis. 

The cell ca divides vertically ( Figs. 55- 
59) and gives rise to the quadrant 
( Figs. 60-62 ) and octant stages ( Figs. 64, 
65 ) comprising the tiers / and/’. The tier 
l contributes to the cotyledons and stem 
tip, and l’ to the hypocotyl and radicle. 
At this stage periclinal divisions occur 
(Figs. 66, 67) and gradually the em- 
bryonal mass becomes two- or three- 
layered (Figs. 68, 71) with a distinct 
dermatogen. The globular ( Figs. 72, 74) 
and heart-shaped stages (Figs. 73, 75) 
are produced in the usual way and by this 
time the periblem and plerome are also 
delimited. The subsequent stages of de- 
velopment are shown in Figs. 76-81. 
Briefly, the basal cell is responsible for the 
formation of hypophysis and suspensor, 
and the apical cell for radicle, hypocotyl, 
cotyledons and the stem tip. 

FRUIT AND SEED— Like A. indica 
(Johri & Kapil, 1953), the fruits of 
A. brachystachya and A. alnifolia are 
capsular with three hispid cocci. The 
terminal fruit contains estrophiolate seed 
whereas the seeds of the lateral capsules 
are carunculate (Figs. 10, 11, 82, 83). 
The brownish black seeds are covered 
with a thin whitish membrane contributed 
by the outer integument. 

With the maturation of the seed most 
of the nucellar tissue, except the thick- 
walled hypostase and the nucellar beak, 
is crushed. The funicular vascular supply 
extends through the hypostase ( Figs. 83, 
85, 86) up to about one-third the length 
of the nucellus. It remains limited to the 
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Fics. 53-69 — Acalypha brachystachya. Embryo (pen, primary endosperm nucleus; z, 
zygote). Fig. 53. Embryo sac with zygote and primary endosperm nucleus. x 860. Figs. 54-69. 
Embryogeny, explanation in text. x 860. 


Em- 
bryo. Figs. 70-73. Stages leading to the forma- 
tion of heart-shaped embryo. Figs. 70, 71. 
x 555; Figs. 72, 73. x 284. Figs. 74-81. Outline 
sketches of globular, heart-shaped, and dicoty- 
ledonous embryos. X 58. 


_ Fies. 70-81 — Acalypha brachystachya. 


‘peripheral region and the tracheids show 
“spiral thickenings. 

TESTA AND PERICARP— Due to the 
growth of the integuments the obturator 
is crushed (Fig. 82). The structure and 
development of the testa and caruncle 
is similar to Acalypha indica ( Johri & 
Kapil, 1953). The stony layer of the testa 
is formed by the outer epidermis of the 
inner integument while the inner epi- 
dermis develops band-like thickenings. 
The caruncle develops as a result of proli- 
feration of apical cells of the outer integu- 
ment, and its outermost layer becomes 
thick-walled (Fig. 84). 

As in A. indica the pericarp is dis- 
tinguishable into an inner epidermis 
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followed by the palisade layer and the 
outer parenchymatous region. The outer 
epidermis produces glandular hairs or 
trichomes. 


Summary and Conclusions 


In Acalypha brachystachya the inflo- 
rescence is a spike with cymose branches. 
The flowers are unisexual and mono- 
chlamydeous. 

The wall of the monothecous anther 
comprises. the epidermis, fibrous endo- 
thecium, single middle layer and glandular 
tapetum. According to Banerji (1949) 
the mature anther wall does not show any 
trace of the epidermis in À. fallax whereas 
in A. indica ( Johri & Kapil, 1953 ) and A. 
brachystachya this layer persists although 
its cells become flattened. The formation 
of periplasmodium, as described for A. 
indica, does not occur in A. brachystachya. 
In contrast to A. lanceolata ( Thathachar, 
1952) where the mature pollen grains are 
said to be 2-celled, in A. brachystachya and 
A. indica they are 3-celled. Meiotic aber- 
rations like unequal separation of chromo- 
somes have been observed which appear 
to be responsible for the degeneration 
of a good number of pollen grains. 

The ovules are anatropous, bitegminal 
and crassinucellar. The embryo sac is 
tetrasporic but shows considerable varia- 
tion as given in Table 1. 

Maheshwari & Johri ( 1941 ) consider A. 
indica as representing an intermediate 
condition between the Penaea and Plum- 
bago types. A. fallax and A. ciliata also 
belong to the same category. According 
to Mukherjee (1958) the Penaea type of 
embryo sac ‘represents the ancestral 
pattern for the genus Acalypha and other 
types are derived from it by reducing the 
number of cells in each quartet and re- 
leasing more free nuclei for polar fusion’. 
Before arriving at such a conclusion, it 
appears necessary to investigate the de- 
velopment of the embryo sac in a much 
larger number of species. 

The endosperm is Nuclear but the 
constitution of the primary endosperm 
nucleus is variable. It is 5-ploid in A. 
australis, A. brachystachya and A. tricolor; 
7 to 10-ploid in A. indica and A. fallax; 
and 8 or 9-ploid in A. ciliata. Regardless 
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Figs. 82-86 — Fruit and seed ( photomicrographs ). 
Figs. 84-86. A. alnifolia. ( ca, caruncle: hy, hypostase; ii, 
integument). Fig. 82. Ycung fruit showing a seed wi 
83. Longisection of an almost mature seed, the black 1 
funicular vascular supply extends up to one-third the h 
arrows) X 50. Fig. 84. Micropylar portion of seed enl 
x 118. Fig. 85. Chalazal region of seed showing the e 
arrows). X 58. Fig. 86. Basal portion of seed: note t 


Figs. 82, 83. Acalypha brachystachya. ' 
inner integument; ob, obturator; oi, outer 
th caruncle and obturator. x 100. Fig. 
ayer represents the stony layer of testa; 
eight of the nucellus (level indicated by 
arged to show the structure of caruncle. 
xtension of vascular supply (indicated by 
he tracheids entering the nucellus. x 192. 
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TABLE 1 
SPECIES AUTHOR TYPE OF EMBRYO SAC 
Acalypha australis Tateishi, 1927 Penaea 
A. brachystachya Kapil, present work do 


A. ciliata Kajale & Murthy, 1954 Acalypha indica 

A. fallax* repars 1949 4 aon 

A. indica Maheshwari & Johri, 1941 do 

A. lanceolata* Thathachar, 1952 Peperomia hispidula 
A. malabarica Mukherjee, 1958 Penaea 

A. rhomboidea Landes, 1946 do 

A. tricolor Swamy & Balakrishna, 1946 do 

Acalypha sp. Arnoldi, 1912 do 


*It has already been pointed out by Johri & Kapil (1953) that A. fallax and A. lanceolata 
are synonyms and a reinvestigation is necessary to confirm whether both the types of develop- 


ment occur in the same species. 


TABLE 2 

CHARACTER ACALYPHA CHROZOPHORA 
Flower Monochlamydeous Heterochlamydeous 
Anther Monothecous Dithecous 
Tapetum Glandular, rarely amoeboid Glandular 
Pollen grains Tricolporate, smooth-walled 6-8 colporate, reticulate 
Ovule Anatropous Hemianatropous 
Nucellus Nucellar beak feebly developed Nucellar beak well developed 
Nucellar vascular supply Present Absent 
Obturator Composed of loose cells Composed of compact cells 
Female archesporium Usually 1 to 3-celled Usually 1-celled 
Embryo sac Tetrasporic . Monosporic 
Embryo Suspensor well developed Suspensor feebly developed 
Testa Smooth Uneven and rugged 
Caruncle Well developed Feebly developed 


of its organization, the behaviour of the 
primary endosperm nucleus is similar. 

_ Kajale & Murthy ( 1954) report that in 
A. ciliata the polar? nuclei may sometimes 
fuse in two groups forming two distinct 
nuclei. I failed to confirm this in any of 
my preparations of A. brachystachya. 
Kajale & Murthy further state: “ Out of 
the 16 nuclei, eight nuclei—two from 
each group—remain free. All these, 
however, do not fuse to form an octoploid 
secondary nucleus, but only seven of them 
do so while the eighth commonly degene- 
rates”. This again requires confirmation, 


2. Boyes & Battaglia (1951) also report 
that in Plumbago coccinea the polar nuclei first 
fuse in pairs and later the nuclei formed by 
the fusion of two’polars again fuse producing 
the secondary nucleus. 


for such degenerated masses (rarely more 
than one ) have been observed in A. bra- 
chystachya in addition to the normal four 
polar nuclei fusing in the centre ( Fig. 
32), 

The development of the embryo con- 
forms to the Euphorbia variation of the 
Onagrad type. As compared to A. indica 
( Johri & Kapil, 1953), the suspensor is 
multicellular and well developed in A. 
brachystachya and A. alnifolia. Neverthe- 
less, it bears no similarity to the massive 
suspensor of the Leguminosae as pointed 
out by Thathachar (1952) in A. lanceo- 
lata. 

The seeds are albuminous and carun- 
culate and the seed anatomy of both the 
species investigated by ıne resembles that 
of A. indica. 
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According to Müller ( 1866)? Chrozo- 
phora represents the group Chrozophoreae 
which is a subtribe of the tribe Acalypheae. 
Pax (1890)? also placed the subtribe 
Chrozophorineae under the Acalypheae. 
However, Bentham (1880)? considered 
the Chrozophoreae and Acalypheae as 
subtribes of equal rank under the tribe 
Crotoneae. The embryology of Chrozo- 
phora ( Kapil, 1956) and Acalypha shows 
several distinctive features as borne out 
by Table 2. 


3. See Prain (1918). 
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In view of the above differences the 
Chrozophoreae and Acalypheae deserve ins 
dependent status and, therefore, Benthams 
assignment is justified. Further, their 
grouping together under the Crotonoideae 
is unwarranted. A similar conclusion has 
also been arrived at on the basis of cytology 
(Perry, 1943), palynology (Erdtman, 
1952) and anatomy ( Metcalfe, 1954). _ 

Iam indebted to Professor P. Maheshwarl 
and Dr B. M. Johri for their interest and 
valuable suggestions during the course of 
this investigation. Thanks are also due to Mr 
D. M. Sonak for making some illustrations. 
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STUDY OF FERTILIZATION IN THE LIVING MATERIAL 
OF SOME ANGIOSPERMS 


V. A. PODDUBNAYA-ARNOLDI 
Main Botanical Garden, Moscow, U.S.S.R. 


For the understanding of fertilization, 
particularly from the physiological stand- 
point, it is necessary to investigate living 
material. However, since Strasburger’s 
(1900) and Shibata’s (1902) works on 
Monotropa hypopitys and M. uniflora 
there have been no other attempts of this 
kind to study fertilization in angiosperms. 

I have studied micro- and macrosporo- 
genesis, spermatogenesis, gametogenesis, 
embryogenesis and fertilization, from 
living material of three orchids, Cypri- 
pedium insigne, Calanthe veitchii and Den- 
drobium nobile. Earlier, in 1954 and 1956, 
I partly described the results of the in- 
vestigations. In this communication I 
have concentrated mainly on the process 
of fertilization. 

Orchids are specially suitable for such 
investigations because of the small size 
of their ovules, and the fineness and trans- 
parency of their integuments. I have 
observed the penetration of the pollen tube 
into the embryo sac and the gametic 
fusion in several preparations. Besides, 
Zinger and Petrovskava of this laboratory 
have observed fertilization in living mate- 
rial of Delphinium, and N. N. Polunina 
in Callistemon lanceolatum. 

The method used was quite simple: the 
ovules were separated from the placenta 
and placed on a slide in a drop of water or 
10 per cent sucrose solution. After 
placing a cover glass on the material it was 
examined under oilimmersion. A number 
of new and interesting details, which have 
not been noticed in the fixed material, 
have been revealed by this technique. 
For instance, we succeeded in observing 
the behaviour of plastids and chondrio- 
somes at different phases of the develop- 
ment of the anthers, ovules, pollen tubes, 
embryo sacs and embryos. This led us to 
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conclude that plastids and chondriosomes 
play a remarkable part, not only in the 
vegetative, but also in the generative 
organs. 

In the pollen and pollen tubes of orchids, 
the plastids and chondriosomes produce 
fat. With the development of pollen 
tubes their fat content increases. Drops 
of fat of different size are readily seen in 
living pollen and pollen tubes. 

When the pollen tube reaches some 
length, the inclusions are concentrated 
mainly in its tip which contains the vege- 
tative nucleus, generative cell and later 
the sperms. 

The pollen tubes of Cypripedium in- 
signe show a large number of plugs. These 
plugs apparently prevent the distribution 
of nutritive and energetic substances in 
the entire pollen tube and restrict them to 
the tip region where the generative or 
sperm cells are located. 

The plugs arise as outgrowths from the 
wall of the pollen tube (Fig. 1) and are 
composed of the same substance as the 
membrane of the pollen tube. Histo- 
chemical tests show a positive reaction 
for pectin. Similar plugs are seen in 
other orchids also. Outgrowths are form- 
ed from one or both sides of the pollen 
tube which are directed inwards and fuse 
to form a rather broad plug. 

The presence of plugs in the pollen tubes 
is supposed to be characteristic not only 
of orchids but of many other angiosperms 
having slowly growing pollen tubes which 
remain for a long time in the pistil and 
attain a considerable length. 

According to Molisch (1923) plugs 
appear in the pollen tubes when it is 
necessary to prevent the current of the 
protoplasm reversing itself into the older 
parts of the pollen tube. 
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Fic. 1 — Portions of pollen tubes of Calanthe veitchii. 


While tracing the route of the pollen 
tubes through the tissues of the pistil it 
has been observed that they follow a 
definite path, growing into through the 
conducting tissue which lies in the centre 
of the style and then becomes ramified in 
the tissues of the ovary, especially the 
placental tissue. In the orchids under 
study there are six threads of pollen tubes 
in the placental tissue ( Fig. 2A-C ), rich 
in cytoplasm, physiologically active subs- 
tances and enzymes. Each thread com- 
prises numerous pollen tubes which are 


A. Formation of plugs. 
pollen tube showing male cells and vegetative nucleus; the granules in the cytoplasm of the tube 
represent plastids and droplets of fat. x 800. 


B. Tip of 


easily separable from the ovarian tissues 
and persist up to the maturation of fruits 
and seeds. However, with the develop- 
ment of the latter the pollen tubes gra- 
dually disappear, being assimilated by the 
developing seeds. This shows that the 
pollen tubes not only play the role of the 
sperm conductors to the ovule but serve 
as nutritive and energetic agents for the 
developing fruits and seeds. 

Usually a single pollen tube enters the 
ovule, but sometimes as many as six 
tubes may be seen. At this stage the 
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Fic. 2 — Cross-sections of ovaries of Cypripe- 
dium insigne. A. Before pollination. B. Eight 
weeks after pollination. C. Sixteen weeks after 
pollination. x 400. 


—— 


Fic. 3 — The ovules of Cypripedium insigne. 
The pollen tubes have entered the micropyle 
of both the ovules. A. Archesporial cell. B. 
Mature embryo sac. x 640. 
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ovule contains a mature embryo sac, 
but sometimes the tubes arrive as early as 
the archesporial or the 4-nucleate embryo 
sac stage (Fig. 3A, B). The sperm 
nuclei have a definite cytoplasmic sheath 
and are surrounded by drops of fat of 
different sizes (Fig. 4). The sperm 
nuclei change their shape from round to 
elongate and vice versa. The more elon- 
gated they are, the less clear is the cyto- 
plasm around the nuclei. They have 
conspicuous nucleoli which are distinctly 
visible at the time of gametic fusion. 

During macrosporogenesis and the deve- 
lopment of the embryo sac, plastids and 
chondriosomes are also seen. In Cypri- 
pedium insigne starch is present whereas 
in Calanthe veitchii and Dendrobium nobile 
fats are accumulated. 

In Calanthe veitchii (Fig. 5) all the 
phases of meiosis during macrosporo- 
genesis have considerable similarity with 
those observed in the fixed material. 

In the resting state the nuclei appear 
“ unstructural”, but in prophase their 
contents have a granular or filamentous 
appearance. At the stage of synapsis the 
chromatin is in the shape of a thick ball 
on one side of the nucleus (Fig. 5B, C). 
This is by no means an artefact, as pre- 
viously regarded by many investigators. 

My investigations confirm the observa- 
tions of Afzelius (1916) and Prosina 
(1930 ) on the presence of a bisporic, six 
to eight nucleate embryo sac in Cypri- 
pedium insigne. In Dendrobium nobile 
and Calantha veitchii, on the other hand, 
the embryo sac is of the monosporic type, 
the former having a six to eight-nucleate 
and the latter a five to six-nucleate embryo 
sac. In all the three orchids the embryo 
sac develops from the lower cell. The 
degenerating macrospores, in living mate- 
rial, show a strong light refractive char- 
acter. 

The egg apparatus is normal as in other 
angiosperms. The antipodal apparatus 
is either well developed, as in Cypripedium 
insigne, or more or less strongly reduced 
as in Dendrobium nobile and Calanthe 
veitchii. Cypripedium insigne has 1-3 
antipodal cells but the number may in- 
crease to 10-12 after fertilization. Den- 
drobium nobile also has 1-3 antipodal cells 
which show no increase in number, 
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Calanthe veitchii either has one antipodal 
or none, but it never organises into a cell. 
It often approaches the polar nuclei and 
sometimes even fuses with them. This 
polar-antipodal group of nuclei is usually 
located directly under the egg apparatus. 

The reduction of the antipodal appara- 
tus, as in Calanthe veitchii, is also found 
in some other orchids ( Baranov, 1916a ). 
The signs of reduction usually appear 
right in the early developmental phases 
of the embryo sac. At the 2- and 4- 
nucleate stage of the embryo sac the 
nuclei in the chalazal part are already 
much smaller and denser and refract the 
light in living material more strongly than 
the nuclei of the micropylar part. 

The size of the synergids in Cypripedium 
insigne is similar to that of the egg cell. 
In Calanthe veitchii they become extra- 
ordinarily long (Fig. 6A, B); their free 
ends in the mature embryo sac nearly 
reach the chalazal end before fertilization 
(Fig. 6A, B). 

During fertilization one of the synergids 
is rapidly destroyed; and its nucleus be- 
comes shrivelled; the other is retained for 
a long time but changes its shape and 
becomes a short cell deprived of its typical 
vacuole ( Fig. 6C ). Sometimes, however, 
both the synergids are left intact by the 
pollen tube which passes between them 
or between one of them and the wall of 
the embryo sac. The synergids possess a 
“filiform apparatus ”’ which shows a clear 
reaction to cellulose. 

I presume that the pollen tube pene- 
trates the synergid not through its upper 
part, which is protected with a thick layer 
of cellulose, but through its broader part 
which has thin plasma membrane. The” 
same plasmatic membrane is also typical 
of the egg. Even after fertilization the 
membranes of the egg and of the intact 
synergid do not show any reaction to 
cellulose. These thin plasmatic mem- 
branes are apparently very elastic and 
thus permit the cells of the egg apparatus 
to increase or decrease in size. 

The polar nuclei fuse regularly in Cypri- 
pedium insigne and Dendrobium nobile 
while in Calanthe veitchii they may or may 
not fuse. 

The starch and fat of the embryo sac 
either disappear completely at the time 
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Fic. 4— Pollen and pollen tubes of Cypripedium insigne; the cytoplasm of pollen and the 


pollen tube contains many plastids and droplets of fat. 


with undivided generative cell. 
nucleus. 


of fertilization, or they are present only 
in traces in the egg and around the polar 
nuclei. 

The contents of the mature embryo sac 
are quite homogeneous before fertilization 
but become dense and heterogenous after 


A. Two-celled pollen. B. Pollen tube 


C-D. Tips of the pollen tubes with the sperms and vegetative 
E-G. Portion of pollen tubes with male cells. x 743. 


fertilization. Soon after fertilization the 
embryo sacs and pollen tubes become 
richly loaded with fats ( Figs. 6,7). The 
fat serves not only as a trophic substance 
but as a solvent for the carotinoids which 
play an important role in the generative 
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Fic. 5 — Macrosporogenesis in Calanthe veitchii: plastids and drops of fat are present in the 
cytoplasm, A-F. Stages in Meiosis I. H-I. Meiosis II. J-L. 2- and 4-nucleate embryo sacs. x 800. 


processes ( Zhukovsky & Medvedev, 1948, are concentrated especially in the micro- 
1949; Lebedev, 1953; Zinger & Poddub- pylar part of the embryo sac. Their 
naja-Arnoldi, 1956, 1957 ). amount is considerably less in the cen- 


During the entrance of the pollen tral part and even less in the chalazal 
tube into the embryo sac drops of fat part. 
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chi i ilizati before fertilization. 
Fic. 6 — Calanthe veitchti, stages in fertilization. A-B. Embryo sacs 
C. Approach of sperms towards egg and the polar-antipodal complex. D. Syngamy. x 800. 
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Fic. 7 — Fertilization in Cypripedium insigne. 
A. Pollen tube discharging its contents into 
the embryo sac. B. Embryo sac with pollen tube 


showing the two male cells. C. The nuclei of the 
sperms become freed of the plasmatic sheath 
and the droplets of fat surrounding them are 
also scattered. D. The nuclei of male gametes 
approach the female nuclei. E. Embryo sac 
with the zygote and the primary endosperm 
nucleus.. F. Two nucleate endosperm. x 560. 


PHYTOMORPHOLOGY 


In the orchids investigated by us we 
have repeatedly observed the pollen tubes 
deeply intruding into the embryo sac and 
forming loops in it. Sometimes the whole 
sac is filled up with the curves of one or 
several pollen tubes. In such cases the 
tube seems to injure all the elements of 
the embryo sac so that fertilization cannot 
take place. 

During this investigation on living mate- 
rial it was especially difficult to observe 
the entry of the sperm into the egg cell and 
the fusion of the gametes. This was due 
to the liberation of a mass of cytoplasm 
and fat by the pollen tube in the vicinity 
of the egg. However, fertilization could 
be observed most frequently in living 
material of Calanthe and Dendrobium. 
Here the contents of the pollen tube do 
not mask the nuclei and cells of the egg 
apparatus to such an extent as in Cypri- 
pedium ( Figs. 6, 7, 9). 

Although we have not succeeded in 
observing the moment of the intrusion of 
the sperms into the egg in a more detailed 
manner, it appears that the membrane 
of the egg is dissolved at the point of its 
contact with that synergid into which the 
pollen tube discharges its contents. The 
sperm then enters the egg, and thereafter, 
the break in the membrane is restored. 

The second sperm appears to lie near 
the upper polar nucleus or the polar-anti- 
podal complex of nuclei which at the time 
of fertilization are located directly below 
the egg and are not separated from it by 
the cell membranes of the synergids or of 
the pollen tubes, as at that moment these 
membranes are absent. 

Double fertilization was regularly ob-* 
served in Cypripedium insigne and Den-* 
drobium nobile. 

In Calanthe veitchii, while syngamy 
occurs normally, the second sperm nucleus 
fails to fuse with the polar antipodal com- 
plex although it lies close to it ( Fig. 6C ). 
Some embryo sacs showed normal triple 
fusion resulting in the formation of a 
primary endosperm nucleus ( Figs. 6D, 9 ). 
However, it does not undergo any division 
and an endosperm is absent. In Dendro- 
bium nobile also no endosperm is formed 
although double fertilization occurs nor- 
mally. Only in Cypripedium both an 
embryo and an endosperm are formed, 


Fic. 8 — Development of embryo. The embryonal cells are packed with plastids and drops of 
fat. A-B. Upper part of the embryo sac showing the zygote, endosperm nuclei and an occasional 
persisting synergid. C-D. Two- and four-celled proembryos. E-H. Globular embryo. x 693. 
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although the latter is strongly reduced 
having not more than 5-6 nuclei (1-2 
nuclei in the micropylar and 2-4 in the 
chalazal part of the embryo sac ). 

During the first division of the primary 
endosperm nucleus in Cypripedium in- 
signe the cytoplasm of the embryo sac be- 
comes heterogenous and the threads of 
denser plasm lie around the endosperm 
nuclei ( Fig. 7E-F ). After the formation 
of two endosperm nuclei one shifts to the 
micropylar and the other to the chalazal 
end of the embryo sac, where they may 
undergo one or two further divisions. 
Not only do the threads of denser plasm 
help the movement of the nuclei of the 
endosperm but also the vacuoles, which 
appear between the nuclei and increase 
in size separating the nuclei widely apart. 
The omission of triple fusion is also known 
in other orchids. Navashin (1900) re- 
ported it in Phajus blumei and Arundina 
speciosa, and Baranov (1917) in Tri- 
chosma suavis. This results in the absence 
of endosperm formation. However, even 
when double fertilization occurs, which is 
known in many orchids, the endosperm is 
not formed in the majority of them and 
even if it is formed only a very small 
number of nuclei is produced ( up to 6 in 
Cypripedium insigne, and 12 in Vanilla 
planifolia ). 
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The nuclei of the egg and the sperm are 
so similar in form and size at the moment 
of fusion as to be almost indistinguishable 
from each other. In Cypripedium insigne 
and Dendrobium nobile the polar fusion 
nucleus is larger than the sperm nucleus 
fusing with it. The sperm nucleus of 
Calanthe veitchii, at the moment of its 
approach to the nuclei of the polar-anti- 
podal complex, is equal in size to an in- 
dividual polar and antipodal nuclei. 

In all the orchids studied here the 
sperm nuclei have well marked nucleoli. 

The process of the entry of sperm into 
the egg apparently proceeds very quickly 
since inspite of examining a large number 
of preparations, I have never observed 
this phenomenon. After entering the egg 
the male nucleus lies close to its nucleus 
for a long time without actual fusion. 
Eventually their nuclear membranes dis- 
solve at the point of contact and actual 
fusion follows. In Cypripedium insigne 
the sperms are large cells with drops of 
fat in their plasm. Their cellular form is 
retained as they are released in the embryo 
sac (Fig. 7B). As they approach the egg 
and the secondary nucleus, the cell mem- 
branes of the sperm become dissolved and 
the nuclei are freed. 

The sperm nuclei approach the two 
female nuclei and fuse with them, whereas 


TABLE 1— DEVELOPMENT OF THE OVULE 


PLANT Tm 
1 day 2 weeks 1 month 1-5 months 2 mon! 
Cypripedium Germination of pollen Pollen tubes with Pollen tubes with two Pollen tubes with two Mature embr 
insigne onstigma. Theovules the undivided gene- sperms are found sperms are found Double fert 
are tiny andundiffer- rative cell are found in the ovary. The in the ovary. The in some ovul 

entiated, in the style. The ovaryandtheovules ovary and the ovules 
ovary and the ovules: haveslightlyincreas- are strongly spread- : 

begin to increase in ed in size. ing out. The ovules 

size, show macrosporo- 

gensis and develop- 

ment of the embryo 

sac. 

Dendrobium Germination of pollen Pollen tubes with the Pollen tubes penetrate Pollen tubes with two Pollen tubes: 
nobile on stigma. The undividedgenerative into the ovary. The sperms are found in sperms ares 


Calanthe veitchii 


ovules are seen as 
tiny, undifferentiated 
protuberances. 


Germination of pollen 
on stigma. The ovules 
are seen as tiny, un- 
differentiated  pro- 
tuberances, 


cell found in the style. 


Ovary and ovules 
begin to increase in 
size. 


Pollen tubes with two 
sperms are found in 
the ovary. The ovary 
and the ovules in- 


ovary and the ovules 
have slightly increas- 
ed. 


Pollen tubes with two 
sperms are found 
near the ovules. 
Ovules show stages in 


crease in size. Differen- macrosporogenesis 


tiation of the ovules 
begins ( formation of 
the integuments and 
archesporium). 


and development of 
the embryo sac. 


the ovary. Ovules 


are not differentiated. 


Irregular double fer- 
tilization ( triple fu- 
sion often lacking). 
First division of the 
zygote has already 
occurred, Ovary and 
ovules are rapidly 
increasing in size, 


the ovules. 
entiation o! 
begins ( the 
ment and tk 
sporium are 


Different ph 
embryogeny 
zygote to a fe 
embryo. 


, 
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the plasm and the fat drops apparently 
remain in the egg and in the central cell 
of the embryo sac (Fig. 7C, D). 

A comparison of living and fixed mate- 
rial of Dendrobium nobile shows that the 
nuclei in the fixed material are somewhat 
smaller in size and have no such inclusions 
as plastids and fat drops (Fig. 9A-C). 
The decrease in the size of the nuclei and 
cells is due to the loss of water during the 
fixation and preparation of the fixed 
material. The absence of plastids and 
fat drops is explained by the destructive 
action of Carnoy’s fixative. 

The process of fertilization is completed 
earliest in Calanthe veitchii ( about 5 weeks 
after pollination ) and similarly the seeds 
also ripen earlier than in Cypripedium in- 
signe and Dendrobium nobile (Table 1). 

In Cypripedium insigne and Dendrobium 
nobile double fertilization occurs 10-12 
weeks after pollination. In Calanthe veit- 
chii the first division of the zygote occurs 
6 weeks after pollination and in Cypri- 
pedium insigne and Dendrobium nobile 14 
weeks after pollination. 

After fertilization the embryo sac and 
the zygote grow significantly whereas the 
synergid decreases in size. The plastids 
and drops of fat are clearly seen in living 
material, being especially numerous in the 
zygote. With further development the 
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amount of plastids and drops of fat in the 
embryo gradually increases, whereas in 
the integuments and in the embryo sac 
it decreases ( Fig. 8). 

The embryo remained undifferentiated 
as also in many other orchids. The sus- 
pensor of Cypripedium insigne is weakly 
developed and consists of two or several 
small cells which are destroyed during the 
maturation of seed. On the other hand, 
in Calanthe veitchii and in Dendrobium 
nobile the suspensor is well developed as 
if compensating for the lack of the endo- 
sperm. It is present in the form of a 
bladder-shaped haustorium in Calanthe 
and as a much ramified structure in Den- 
drobium. 

Table 1 shows the course of embryonic 
development in the orchids studied. 

The study of pollination and fertiliza- 
tion in the orchids is of great interest. 
In some orchids, at the time of pollination, 
the ovules are either absent (as in Catt- 
leya, Phalaenopsis etc.) or very weakly 
developed (as in Cypripedium, Dendro- 
bium and Calanthe ). It may be seen that 
the pollen tubes not only help in bringing 
about fertilization but they also stimulate 
the development of the ovary and ovules. 
Flowers, which remain unpollinated, are 
devoid of seeds and the ovary also fails to 
develop. 


IF CERTAIN CROSS POLLINATED ORCHIDS 


ON 


ıonths 3 months 3-5 months 


ouble ferti- Zygotes, the embryo First division of zy- 


in a large sacs and the ovules gote. A two-celled 
of the increasing in size. proembryo and a 
two-nucleate endo- 

sperm. 


yw different Regular double ferti- The embryo sacs and 


Different phases of 
embryogeny 


Different phases of 


Ce) 
4 months 6 months 10-12 months 
Fruits become brown 
and dry and begin 
to open. 


Mature seeds in green 
from fruits. 
the zygote to the 


multicellular 


embryo. 


Mature seeds are Fruits become brown 


 macrospo- lization. the ovules are in- embryogeny from formed, but the and dry and open. 
‘and devel- creasinginsize. Zy- the zygotetoamul- fruits are still suc- The seeds are shed. 
of embryo gote undergoes first ticellular embryo. culent and green. 

en tubes en- division. 

nbryo sac. 

bof multi: Mature seeds and = — — _ 
mbryo. fruits. Seeds are dis- 

[fruit begin  persed. 
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Fic. 9 — Double fertilization in Dendrobium nobile. 


A-B. The primary endosperm nucleus 


has already been formed in B but the nuclei of the egg and sperm have not yet fused (in living 


material). 


The study of fertilization in different 
orchids carried out by the author as well 
as by other investigators ( Modilevski, 
1916; Baranov, 1925; Swamy, 1949) 
shows that its course varies in different 
orchids and deviates somewhat from the 
ordinary type characteristic of the majo- 
rity of angiosperms. This is, apparently, 
closely connected with the reduction of 
the embryo sac often met with in the 
orchids ( Table 2). 

In Cypripedium insigne fertilization is 
quite typical. However, even here it 
does not bring about the formation of a 
fully differentiated embryo and a well 
developed endosperm as in other angio- 
sperms ( Table 2). At the same time the 
embryo sac is the least reduced and has 
the best developed antipodal apparatus. 
The embryo sac of Dendrobium nobile is 
more reduced than that of Cypripedium 


C. Double fertilization in material fixed in Carnoy’s fixative. x 800. 


insigne as the antipodal apparatus here is 
more feebly developed, and although 
double fertilization occurs regularly, no 
endosperm is formed. Calanthe veitchit 
is notable for the maximum reduction 
of the embryo sac where the antipodal 
apparatus is extermely suppressed. 
The process of the double fertilization in 
Calanthe is irregular as triple fusion often 
fails and consequently no endosperm is 
formed. 

Thus, Cypripedium insigne, unlike Den- 
drobium nobile and Calanthe veitchit, is 
characterized by a type of embryo sac and 
fertilization, which are less removed from 
the majority of other angiosperms. 

Such characters of Cypripedium insigne 
as the presence of an embryo sac with a 
well developed antipodal apparatus, nor- 
mal fertilization and the formation of an 
endosperm (although reduced) are pri- 
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TABLE 2— REDUCTION OF THE EMBRYO SAC AND THE NATURE OF 


FERTILIZATION 


Regular double fertili- 
zation 


Regular double fertili- 
zation 


Irregular double ferti- 


FERTILIZATION 
PLANT NuMBER NuMBER NUMBER AND CHARACTER 
SPECIES OF OF OF ANTIPODALS 
MACRO- NUCLEI 
SPORES IN 
EMBRYO 
SAC 
Cypripedium 2 6-8 1-3 cells. After ferti- 
insigne lization the number 
increases to 10-12 
Dendrobium 3 6-8 1-3 cells; the number 
-nobile remains constant 
Calanthe 3 5-6 1 antipodal nucleus or 
veitchii none. 


The antipodal 
nucleus shows a ten- 
dency to approach 
and sometimes to fuse 
with the polar nuclei 
as a result of which a 
polar-antipodal com- 
plex is formed. 


lization. ( The second 
link of fertilization is 
often lacking). The 
four nuclei (three 
from the polar-anti- 
podal complex and 
one from the sperm ) 
are often seen situat- 


ENDOSPERM 


Up to 6 free 
nuclei 


No endosperm 


No endosperm 


ed under the egg cell, 
but remain unfused. 


mitive for the representatives of the Or- 
chidaceae. 
is connected with the reduction of the 
female gametophyte, embryo and endo- 
sperm. 

The study of fertilization, as well as of 
other embryonic processes of the orchids, 
proves that Cypripedium belongs to the 
more primitive group whereas Calanthe 
and Dendrobium belong to the more 
progressive groups of the Orchidaceae. 
This classification is also supported by 
other morphological features of these 
plants. 

Despite the fact that fertilization in 
angiosperms has become recently the 
object of study for embryologists, many 
aspects of this important biological pro- 
cess have not been elucidated till now, 
particularly those concerning its physio- 


logy. 
Summary 


Fertilization and its connected processes 
have been studied in living material of 
Cypripedium insigne, Calanthe vettchit and 
Dendrobium. nobile. This enabled the 
elucidation of a number of details which 


The evolution of this family - 


are either missed or are not clearly seen 
in fixed material. 

The presence of chondriosomes and 
colourless plastids was observed at diffe- 
rent developmental stages of development 
of the pollen, ovule, male and female 
gametophytes, zygote and embryo. It is 
suggested that plastids and chondriosomes 
are the sites of synthesis of different 
physiologically active substances and 
enzymes. In pollen tubes plugs were 
found. 

When studying the localization and 
dynamics of different plastic substances 
in pollen, pollen tubes, embryo sacs and 
gametes, they revealed the presence of 
a high fat content, particularly at the time 
of pollination and fertilization. This 
phenomenon may be connected with the 
fact that fat is not only a metabolic subs- 
tance but a solvent of carotinoids as well, 
which appear to play an important. part 
in generative processes. 

As the progress in the study of fertiliza- 
tion on living material is as yet insuffici- 
ent, further improvement of vital methods 
and selection of suitable objects of study 
is needed, the more so with respect to the 


fusion of the gametes. 
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MORPHOLOGICAL AND EMBRYOLOGICAL STUDIES IN 
THE FAMILY SANTALACEAE — IV. MIDA SALICIFOLIA 
A. CUNN.* 


S. P. BHATNAGAR 
Department of Botany, University of Delhi, Delhi 6, India 


Except for a note ( Bhatnagar, 1959a ) 
there is no embryological work on Mida 
salicifolia a native of New Zealand. 
Material of the plant was obtained by 
Professor P. Maheshwari from Professor 


*Part of Ph.D. thesis entitled “ Mor 


V. J. Chapman, Auckland ( New Zealand}, 
and the Director, Forest Research Insti- 
tute, Rotoura ( New Zealand ), and passed 
on to me for investigation. Tertiary butyl 
alcohol was used for infiltration with para- 
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ffin to prevent hardening. Sections were 
cut 5-20 microns thick and stained with 
safranin and fast green. 

The long and tortuous embryo sacs and 
endosperms are difficult to study from 
microtome sections alone and whole 
mounts of dissections proved to be very 
helpful. The ovaries were pretreated with 
5-10 per cent KOH at 40°C for 10-12 
hours and then thoroughly washed in 
water. After dissection the embryo sacs 
were at first stained with cotton blue, 
mounted in a mixture of lactophenol and 
cotton blue, and sealed with canada 
balsam. These preparations faded after 
some time, but others stained with aceto- 
carmine and mounted in Zirkle’s medium 
remained in a good condition. Further, 
Zirkle’s medium also set firmly and 
sealing was not necessary. 


Observations 


FLORAL MORPHOLOGY — The flowers are 
pentamerous (sometimes tetramerous ), 
actinomorphic and bisexual ( Figs. 2, 5), 
and borne in small axillary cymes. A 
short and slightly lobed ‘ calyculus ’ lies 
outside the perianth ( Figs. 2, 3,5). In 
the bud, due to an interlocking of the 
epidermal cells, the perianth lobes remain 
united at the apex ( Figs. 1, 8). Some of 
the cells of the inner epidermis, situated 
at the base of the perianth, form richly 
cytoplasmic uni-cellular hairs ( Figs. 5,6) 
with a somewhat broad base containing 
the nucleus ( Fig.6). In older flowers the 
hairs lose their contents and shrivel. 

_ There are five epiphyllous stamens with 
short filaments and dorsifixed anthers. 
The semi-inferior ovary is unilocular and 
usually contains three ovules ( Fig. 7) on 
a short and stout placental column. The 
stigma is 3 or 4-lobed and. borne on an 
extremely short style. A prominent 5- 
lobed disc is present between the stamens. 
The fruit is a top-shaped pseudodrupe 
(Fig. 3) and, rarely, twin fruits may also 
develop (Fig. 4). 

_ MICROSPOROGENESIS AND MALE GAME- 
TOPHYTE — The anther wall comprises the 
epidermis, fibrous endothecium, two or 
three middle layers, and glandular tape- 
tum with multinucleate cells (Figs. 9- 
11). The reduction divisions in the 
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Fics. 1-8 — Floral morphology (ca, calyculus; 
h, hair; ov, ovule; plc, placental column ). 
Fig.-1. Flowering twig. x 2. Fig. 2. Single 
flower. x 2:5. Fig. 3. Mature fruit. x 2:5. 
Fig. 4. Twin fruits. x 2:5, Fig. 5. L.s. flower 
(diagrammatic) x 7. Fig. 6. Magnified view 
of portion marked A in Fig. 5 to show glandular 
hairs. x 111. Fig. 7. T.s. in the region of ovary 
showing three ovules. x 13. Fig. 8. L.s. peri- 
anth lobes to show interlocking of adjacent 
epidermal cells. x 111. 


microspore mother cells are simultaneous 
cytokinesis occurs by furrowing ( Figs. 12, 
13) and the tetrads may be tetrahedral 
( Fig. 14) or decussate (Fig. 15). The 
microspore (Fig. 16) enlarges and a 2- 
celled pollen grain with a vegetative and a 
generative cell is formed in the usual way 
(Fig. 17). The generative cell divides 
to form two male cells (Fig. 18). The 
pollen grain has a thin intine and a thick 
exine with three germ pores. Due to a 
dissolution of the partition, the adjacent 
microsporangia become confluent. At the 
junction of the pollen sacs the endothecium 
lacks fibrous thickenings and dehiscence 
takes place in this region ( Fig. 19). 


17 


Fics. 9-19 — Microsporangium, microsporogenesis and male gametophyte (d, region of 
dehiscence ). Fig. 9. L.s. portion of anther lobe at microspore stage. x 370. Fig. 10. Outline 
diagram of t.s. of anther. x 105. Fig. 11. Enlargement of portion marked A in Fig. 10. x 370. 
Figs. 12, 13. Cytokinesis. x 988. Figs. 14, 15. Tetrahedral and decussate tetrads. x 988. Figs. 
16-18. Uni-, bi- and three-celled pollen grains. x 988. Fig. 19. Dehisced anther. x 94. 


—— 

Fics. 20-31 — Megasporogenesis and female gametophyte. Figs. 24, 29-31 are from whole 
mounts, rest from microtome sections (es, embryo sac; ov, ovule; plc, placental column). Fig. 
20. L.s. ovule showing a linear tetrad of megaspores. x 585. Figs. 21-25. Four-nucleate embryo 
sacs. x 585. Fig. 26. All four nuclei in metaphase. x 252. Fig. 27. L.s. flower showing placental 
column, ovule and embryo sac. x 11. Fig. 28. Eight-nucleate embryo sac enlarged from Fig. 
27. x 252. Fig. 29. Same, advanced stage; note the chalazal caecum and another branched 


process. x 137. Fig. 30. Upper and middle portions of twin embryo sacs. x 32. Fig. 31. 
Zygote and degenerating synergids. x 330. 


31. 


Fics. 20- 
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OvuLE — The thick and short placental 
column bears three (occasionally four ) 
hemianatropous ovules. The nucellus and 
integument are not clearly distinguishable 
(Fig. 20). However, there is no doubt 
that the nucellus has undergone con- 
siderable reduction and most of the tissue 
is integumentary. This is borne out by 
Ram’s ( 1959 ) observations on Leptomeria. 

MEGASPOROGENESIS AND FEMALE GAME- 
TOPHYTE — The earliest stage in the 
material at my disposal showed a linear 
tetrad of megaspores (Fig. 20). The 
chalazal megaspore functions and the 
development of the embryo sac conforms 
to the Polygonum type. Usually three 
embryo sacs (one in each ovule ) develop 
in an ovary. 

The embryo sac elongates at the 4- 
nucleate stage ( Figs. 21-25 ), crushes the 
ovular epidermis and extends towards 
the stylar canal ( Figs. 25, 27). All the 
four nuclei divide simultaneously ( Fig. 26) 
and the resulting eight nuclei organize into 
the egg apparatus, two polar nuclei and 
three antipodal cells (Figs. 28, 29). 
Twin embryo sacs are quite common 
(Fig. 30). A caecum arises from the 
chalazal end of the embryo sac ( Fig. 29 ) 
and invades the placental column. Rare- 
ly, another short caecum may develop 
from the tip of the embryo sac. The 
antipodal cells, which are left in situ, 
persist even after the endosperm has 
become cellular ( Figs. 40, 41). 

ENDOSPERM — In Mida the develop- 
ment of the endosperm is somewhat dif- 
ferent from that in other members of the 
Santalaceae. The first division of the 
primary endosperm nucleus (Fig. 32) is 
followed by a wall forming a micropylar 
and a chalazal chamber (Fig. 33). The 
nucleus of the micropylar chamber under- 
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goes a few divisions (Figs. 36-38 ) 
before walls are laid down (Figs. 39, 
41). Some of the cells, especially those 
adjacent to the chalazal chamber, give rise 
to numerous finger-like processes which 
act as absorbing organs (Figs. 39, 41). 
Figure 42 shows a similar process from one 
of the apical cells of the micropylar 
chamber. 

The chalazal chamber, which divides 
earlier than the micropylar, probably cuts 
off a small cell and the rest of it functions 
as the primary endosperm haustorium. 
This small cell produces a cellular tissue 
and three or four of these cells elongate 
considerably and function as secondary 
haustoria (Figs. 34-36, 38-41). They 
extend in the direction of the primary 
endosperm haustorium (Fig. 38) and grow 
beyond it. Unlike the cells of the micropylar 
chamber which are large and vacuolate 
( Fig. 41 ), the cells in the chalazal chamber 
are much smaller and densely cytoplasmic 
(Fig. 41). ; 

The endosperm may develop in all the 
three embryo sacs in an ovary but reaches 
maturity in only one of them ( Figs. 43, 


44). The endosperm proper is derived 
from the micropylar chamber only 
(Fig. 45). In view of the free nuclear 


divisions in the micropylar chamber, the 
development of the endosperm has been 
referred to as of Helobial type. 
EMBRYO — Syngamy occurs normally ° 
(Fig. 31). The first division of the 
zygote ( Fig. 46) is transverse ( Fig. 47) 
and derivatives of both the apical and 
basal cells contribute to the formation of 
the embryo proper. Some of the daughter 
cells of the basal cell give rise to a massive 
suspensor (Fig. 51). The globular and 
heart-shaped stages are gone through as 
usual and finally a dicotyledonous embryo 


— 


Fics. 32-37 — Endosperm; all figures are from whole mounts ( ant, antipodal cells; cc, chalazal 


chamber; mc, micropylar chamber; 
sh, secondary haustoria ). 
nucleus and degenerated antipodals. 


L pen, primary endosperm nucleus; ph, primary haustorium; 
Fig. 32. Fertilized embryo sac showing zygote, primary endosperm 
x 50. Fig. 33. Zygote and 2-celled endosperm. x 142. 


Fig. 34. The chalazal chamber of the endosperm is distinguishable into the primary haustorium 


and the initials of secondary haustoria. x 34. Fig. 35. Enlarged view 


of initials of the secondary 


haustoria. x 142. Figs. 36, 37. Embryo sacs showing zygote, micropylar end 
primary haustorium and initials of secondary Rn 142. 2 RES 


ing embryo, endosperm proper, and extension of the 
Fig. 45. Advanced stage showing embryo and cellular 
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Fics. 46-54 — Embryogeny. Figs. 46-48, 52 
and 54 are from whole mounts, rest from 
microtome sections (sy, synergid). Fig. 46. 

_Zygote. x 330. Fig. 47. Two-celled proembryo. 
x 330. Figs. 48, 49. Early stages in embryo- 
geny. x 330. Fig. 50. Outline diagram of older 

embryo. x 19. Fig. 51. Same, at higher magni- 
fication. x 137. Figs. 52-54. Developing embryos 
showing differentiation into two cotyledons. 


x 19. 


is formed ( Figs. 48-54). Polyembryony 
is quite common ( Figs. 55, 56) and the 
additional embryo is probably derived 
from a twin embryo sac. 

Fruit — The pericarp consists of 25-30 
layers of cells ( Figs. 57, 58) and at the 


— 


Fias. 55, 56 — Fig. 55. L.s. fruit showing two 
embryos. x 8. Fig. 56. Embryos enlarged from 
‘Fig. 55. x 160. 
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Fiss. 57-62 — Pericarp (ca, calyculus; emb, embryo; enc, 
epicarp; me, mesocarp). Fig. 


57. L.s. flower at mature embryo sac stage (diagrammatic). x 7-5. 
Fig. 58. Enlargement of portion marked A in Figs 37. 170. Bigs, 59, 641,12 
fruits (diagrammatic ). x 6. 


endocarp; end, endosperm; ep, 


s. young and old 
Figs. 60, 62. Magnified views of portions marked B and C in Figs. 
mesocarp and endocarp have been 


59 and 61 respectively; the intervening tissues of the epicarp, 
omitted. x 170. 
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globular stage of the proembryo it becomes 
distinguishable into three zones: a paren- 
chymatous epicarp of tanniniferous cells, 


a sclerotic mesocarp and a parenchyma- 


tous endocarp (Figs. 59-62). The endocarp 
is partly consumed by the endosprem. 

The seed lacks a testa and a small 
dicotyledonous embryo remains embedded 
in the massive endosperm. The embryo 
absorbs the contents of the adjacent 
starchy endosperm cells. 


Summary and Conclusions 


The flowers are pentamerous and a 
short, slightly lobed ‘calyculus’ sur- 
rounds the perianth. 

There are five epiphyllous stamens. 
The anther wall comprises the epidermis, 
fibrous endothecium, two or three middle 
layers and a glandular multinucleate tape- 
tum. The reduction divisions are simul- 


taneous resulting in tetrahedral and decus- 
The mature pollen grains 


sate tetrads. 
are 3-celled and show three germ pores. 
The ovary is semi-inferior and uni- 


locular, and contains three hemianatropous 


ovules on a free central placental column. 
The ovules are not distinguishable into the 
nucellus and integument. 

The embryo sac conforms to the Poly- 
gonum type. It extends beyond the ovule 
at the 4-nucleate stage and grows towards 
the stylar canal. 


Leptomeria (Ram, 1959). However, in 
the latter the gametophyte becomes extra- 
ovular only at maturity. In Santalum 


and Leptomeria as well as in Mida, a 


chalazal caecum is formed leaving the 
antipodal cells in situ. 

The first division of the primary endo- 
sperm nucleus is followed by wall forma- 


BHATNAGAR — THE SANTALACEAE — IV. MIDA 


A similar extension of 
the embryo sac is also seen in Santalum 
( Paliwal, 1956; Bhatnagar, 1959b) and 


207 


tion and the endosperm proper develops 
from the micropylar chamber. The endo- 
sperm reaches maturity in only one of the 
three embryo sacs. Some of the cells of 
the micropylar chamber extend into 
finger-like processes which are haustorial. 
The chalazal chamber cuts off a small cell 
towards the upper side, and three or four 
of its derivatives give rise to secondary 
haustoria. Similar haustoria also occur in 
Comandra (Ram, 1957). 

The first division of the zygote is 
transverse. The mature embryo is dicoty- 
ledonous and has a massive suspensor. 
Polyembryony is quite common and the 
additional embryo probably arises from a 
twin embryo sac. 

The pericarp consists of the paren- 
chymatous epicarp and endocarp, and 
stony mesocarp. The placental column, 
ovular tissue and most of the endocarp 
are consumed by the endosperm. The 
seed is devoid of a testa and the fruit is a 
pseudodrupe. 

Pilger (1935) assigned Mida to the 
tribe Osyrideae. However, it shows many 
resemblances with Santalum ( Santaleae ), 
e.g. the semi-inferior ovary, micropylar 
extension of the embryo sac ( beyond the 
ovule) at the 4-nucleate stage, Helobial 
type of endosperm, and embryo with a 
long suspensor. Therefore, it is suggested 
that Mida should be removed from 
the Osyrideae and included in the tribe 
Santaleae. 

It gives me great pleasure to record my 
gratitude to Dr B. M. Johri for his guid- 
ance and to Professor P. Maheshwari for 
comments and advice. Thanks are also 
due to Dr (Mrs) Manasi Ram and Dr 
R. N. Kapil for helpful suggestions, 
and to the Council of Scientific & Indus- 
trial Research for financial assistance. 
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PIRONE, P. P., DODGE, B. O. & 
RICKETT, H. W. 1960. ‘ Diseases 
and Pests of Ornamental Plants.” 
The Ronald Press Company, New 
Yorks) Pp.2775." .$:10.00: 


TuIs is the third edition of a book hav- 
ing the same title originally published 
by Dodge & Rickett in 1943. It has now 
been revised by Dr Pirone, Plant Patho- 
logist, at the New York Botanical Garden. 
The book is divided into two parts: 
Part I ( pp. 1-134) gives a general account 
of plant diseases and pests and their 
control. This is certainly very readable 
and is indeed the most admirable section 
of the book. Part II ( pp. 135-728 ) gives 
brief accounts and control methods of 
diseases and pests of particular hosts 
which are taken up alphabetically; these 
accounts are often very sketchy. Ex- 
cellent photographs depict very clearly 
the symptoms of the various diseases and 
the type of damage wrought by pests. 
Part II suffers from a number of defi- 
ciencies which, it is hoped, will be rectified 
in another edition. One of these relates 
to the lack of basic and essential infor- 
mation regarding the pathogenic fungi, 
bacteria and pests which are mentioned. 
For instance, on p. 137, under leaf-cast 
of Abies, several unrelated fungi are listed, 
but no guidance is given as to how one can 
distinguish between them. One has to be 
a good mycologist or entomologist even 
to be able to assign the fungi or the pests 
referred to to their respective groups in 
any system of classification. Or else, refer- 
ence has to be made to appropriate syste- 
matic works to obtain the information. It 
would have been useful if the authors had 
listed these names separately and indı- 
cated their systematic position which 
would point to at least their more salient 
characteristics. This list could then have 
been used in conjunction with Chapters 2 
and 3 in which the various groups of patho- 
gens and pests are described. Several 
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generic names of fungi are misspelt both 

in the text and the index: Chalariopsis for 

Chalaropsis (twice on p. 625 and in the 

index on p. 737); Hyphomyces for Hypo- 

myces (on.p. 661 and p. 750, index); 

Hyalospora for Hyalopsora (on p. 137 and 

p- 750, index). Hyalospora Niewl. is an 

ascomycete, but the authors have in mind 

Hyalopsora Magn. which isarust! Apart 

from these, there are also examples of in- 

consistency in the use of names for various 

pathogens. For example, Macrophomina 

phaseoli which causes charcoal rot of 

various plants is referred to by that name 

in several places, but at others it is cited 

as Macrophoma phaseoli. One who does 

not know the nomenclature of these fungi 

(and usually only a specialist will know ! ) 

is likely to consider these altogether dif- 

ferent fungi, although they are only dif- 

ferent names for the same pathogen. In 

the same way, Pectobacterium carotovorum 

v. aroideae ( p. 724), P. aroidae ( p. 650) 

and Erwinia aroidae (p. 282) are used 

for what is probably the same bacterium. 

The authors’ nomenclature is clearly quite 

confusing when a binomial such as Macro- 
phomina bataticola ( p. 254 ) is used for what 

is clearly M. phaseoli ( Maubl.) Ashby or, 

to be more accurate, M. phaseolina 

( Tassi) Goidanich. It is doubtful if the 

binomial M. bataticola exists at all. Of 

course, the authors do not consider it” 
necessary to cite the authority for any of 
the binomials they have used for plants, 
pests, fungi, and bacteria. 

Although it is claimed that the book will 
be helpful to those interested in the 
control of diseases and pests, for a large 
number of these, no definite control 
measures are given. In many cases thein- © 
formation on the disease or pest and its 
control is quite inadequate. For instance, 
on p. 138, in regard to heteroecious rusts in- 
fecting Abies, there is mention of the des- 


truction of alternate hosts, but the hosts 


are not specified. For some other heteroe- 
cious rusts also, no alternate hosts are 
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specifically given. Again, under Cymbidium 
mosaic ( p. 514) the control measures sug- 
gested are: discarding of infected plants and 
control of aphids with malathion sprays. 
The insect vector for this virus is not meh- 
tioned (one wonders if the vector for this 
virus is known ). The virus is easily trans- 
mitted from diseased to healthy orchids by 
pruning shears, by razor blade cuts and by 
workers’ hands. Therefore transmission 
may result from contaminated tools, but 
this is not mentioned. On p. 712, under 
Verbena, it is stated: “ The controls for 
these are given under more popular hosts.”’ 
Which are these more popular hosts? 
The authors might have given a reference 
to the pages on which these are to be 
found. Many other examples of the same 
kind can be cited, where control measures 
are not adequately dealt with. There are 
also omission of diseases known in Ame- 
rica, e.g. Odontoglossum mosaic virus, virus 
diseases of Carica papaya, nasturtium 
mosaic virus, and others. 

The binding and get-up are good, but 
printing mistakes are not uncommon: 
Microsphaeria for Microsphaera ( p. 165), 
Phyllostica for Phyllosticta (p. 606), Macro- 
phomima for Macrophomina (p. 337), 
Personospora for Peronospora ( p. 713 ) etc. 

To sum up, the book is not as impres- 
sive in content as it is in “looks”. No 
doubt, the authors undertook a huge task 
in having taken up not only the diseases 
but also the pests and attempting to 
present a consolidated account useful both 
to the professional and the serious amateur 
gardener. Keeping this in mind we must 
admit that they have presented a good 
framework but it has to be endowed with 
flesh and blood and it is hoped that the 
authors will succeed in doing so in the 
next edition. 

Ten dollars is perhaps a high price for 
the book, but the inclusion of a large 
number of excellent photographs probably 
explains the high cost. 

C. V. SUBRAMANIAN 


PORTER, C. L. 1959. ‘‘ Taxonomy of 
Flowering Plants.” Pp. 452. H. W. 
Freeman & Co., San Francisco and 
London, $ 6.75. 

AN attractive and well illustrated textbook , 

on angiosperm taxonomy has been added 


209 


to the growing list of high caliber biology 
texts published by W. H. Freeman & Co. 
Designed for a beginning course, the book 
presents a simplified and abbreviated 
account of the basic principles of taxo- 
nomy, with illustrated descriptions of more 
than a hundred families of flowering plants 
representative of the North American 
flora. Porter has attempted to provide a 
text to fill a gap which he felt to exist in 
currently available texts between. the 
extensive reference type and the abbre- 
viated type. The book is particularly 
aimed at students in practical fields and 
should provide a useful text for a course 
which is not specifically designed for 
botany majors. Students, in particular, 
should appreciate the efforts of the author 
and artist to present a vast subject with 
clarity and succinctness. 

The text follows a traditional approach 
in discussing the aims, history, and litera- 
ture of taxonomy followed by chapters on 
methods, nomenclature, the use of keys, 
and phytography. A short but infor- 
mative chapter on the concepts of taxa 
introduces the student to the nature of 
species and to the kinds of information and 
study necessary for recognizing natural 
groups. There is a lack of detailed 
examples illustrating the tremendous value 
to phylogeny and hence to classification of 
such studies as biosystematics, embryo- 
logy, and wood anatomy. The full taxo- 
nomic significance of the studies of I. W. 
Bailey and associates on the morphology 
of the vessel-less woody Ranales fails to 
emerge. If this book were to be used for 
a two-semester course, as Porter suggests, 
considerable additional reading on the 
theory of taxonomy, on phylogenetic 
evidences, and on the nature of evolu- 
tionary studies would seem essential. 

The sequence of chapters might well be 
improved for more effective teaching. 
The chapters on phytography, the use of 
keys, and field and herbarium methods 
would serve as a logical introduction. The 
concepts, history, and literature seem best 
presented after the student has acquired 
the background necessary for their under- 
standing and appreciation. 

The bulk of the book is devoted to a 
survey of selected orders and families. No 
attempt is made to give prominence to 
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phylogeny. Phylogenetic charts are pre- 
sented for the monocotyledons (after 
Hutchinson) and for the dicotyledons 
( after Bessey ) and some phylogenetic dis- 
cussion is presented in the orders. Family 
descriptions are concise and are illustrated 
by floral diagrams, line drawings of longi- 
tudinal flower sections, and photographs 
of selected examples. The figures, excel- 
lently drawn by Evan L. Gillespie, are used 
to especially good advantage in such 
instances as the following: (1) diagrams 
showing the diagnostic features of the 
tribes of Poaceae; (2) a series showing the 
dissected floral parts of the zygomorphic 
flowers of Delphinium and Aconitum; 
(3) a comparison of embryos in Bras- 
sicaceae. There are occasions where dia- 
grams of flowers which are small and 
difficult to study would seem more useful 
than illustrations of leaves or of in- 
florescences (as Figs. 247, 430). The 
provision of artificial keys to families is 
not consistent. In the monocotyledons 
keys are found under the three major 
groupings (subclasses), but in the di- 
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cotyledons they are found either under 
the major groupings or under the order 
( or are lacking for the Polypetalae except 
for Geraniales ). 

‘For the most part the content of this 
book seems to be in agreement with general 
botanical opinion. I would question, 
however, the according of taxonomic re- 
cognition on the basis of characters which 
lack a genetic basis as is suggested by 
Porter’s view that the intraspecific cate- 
gory forma is “usually associated with 
environmentally caused differences ”. 
Instructors should be aware that the 
flower of apple, usually considered epi- 
gynous, is classified here as perigynous 
with adnate hypanthium in accordance 
with Schaffner (1925) who reserved the 
term inferior ovary for one in which there 
is no evidence of a hypanthium fused to 
the ovary. In view of the controversy 
still existing on the fundamental inter- 
pretation of the inferior ovary itself, the 
value of such a distinction seems ques- 
tionable. 

L. R. HECKARD 
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